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10
INTRODUCTION

The Environmental Restoration (ER) Program for the Rocky Flats Environmental Technology
Site (RFETS) histonically referred to as the Rocky Flats Plant (RFP), i1s designed to
investigate and remediate contaminated sites at RFETS and involves the following five major

activities

Activity 1 Installation Assessments

Activity 2 Remedial Investigations

Activity 3 Feasibility Studies

Activity 4 Remedial Designs/Remedhal Actions
Activity 5 Compliance

This document presents the results of the Phase I, Resource Conservation and Recovery Act
(RCRA) Facility Investigation/Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) Remedial Investigahon (RFI/RI) of the Walnut Creek Prnionty
Dramnage also known as Operable Umt No 6 (OU6), at RFETS Jefferson County, Colorado
This Phase I investigation is a component of Activity 2 of the ER Program

The Phase I RFI/RI Work Plan for OU6 was submitted to the U S Environmental Protection
Agency (EPA) and the Colorado Department of Public Health and Environment (CDPHE),
formerly the Colorado Department of Health (CDH), in 1992 The field samphing plan (FSP)
specified in the OU6 Phase I Work Plan (DOE 1992a), hereafter known as the Work Plan,
was designed to assess the nature and extent of contamination in 21 Individual Hazardous
Substance Sites (IHSSs) along or within the North Walnut Creek and South Walnut Creek
drainages The Phase I field investigation was conducted during 1992 and 1993

This report summarizes the field activities performed during the Phase I investigation,
charactenizes the environmental setting charactenizes contaminant sources and the nature and
extent of contamination in soils groundwater surface water sediments, air and biota
discusses contaminant fate and transport and includes a Baseline Risk Assessment (BRA)
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The results presented in this document are based on existing information that was used'to
mitially characterize QU6 (1986-1989 boreholes) and on data acquired duning the Phase I
mnvestigation Results of the Phase I investigation have been used to ]

. Estimate nisks to human health and the envnronmt posed by OU6 IHSSS;

. Identify any further need for evaluation of ﬂte U6 THSSs
Section 1 0 of this document provides an mtroductnon‘m orgam;; \\fme Phase I RFI/RI
report, investigation objectives, a brief dlscussm;vét}the background S, 0U6 IHSS
locations and descrniptions, a summary of prevno;s and ongoing investigations, and a summal'y
of the Work Plan and technical memoranda.* ;; -

;,, . .
e g

11  REPORT ORGANIZATION ~U L

The OU6 Phase I RFI/RI Report 1s orw}ﬁ‘njbr sections, including referenceis

and appendixes as shown below T~

‘,!x ~7 ;‘ :

. Section 10, Jntroductwn\ déqcnbes the report organization, presents the
purpose of he- project, presents background information, and prov:des

summaﬂes “of the Phass-u&prk Plan and technical memoranda.
. "“\ - A——
. Sectxon ‘2.0 OUG Field Invesngation, presents the scope of the Phase I field
mes;ﬁ“gatwn dssci'rhes the field actrvities, sampling procedures and analyncai

! methods\and dociimients deviations from the work plan

. A"”'ZaSectlon 3 0, Physical Charactenstics of OU6, describes the physnographlcn

of each IHSS in OU6

(4047-910-0025-521) (R7 1 ) (9/22/95 9 36 amX(1) 1 '2

*»features -demography and land use, meteorology and climatology, soils .
geo“hgy hydrogeology, surface water, ecology, and the physical charactensncsé

. Section 4 0 Nature and Extent of Contamination, describes the nature and:
extent of contamination 1n surface soils, subsurface soils, groundwater, surface :
water, sediments, and air This section begins with a descniption of the



analytical data used, how data are compared to background data, and how
detected compounds are evaluated A detailed description of the nature and
extent of contamination in each medium 1s presented for each IHSS and

specific non-THSS areas

| Section 50 Contaminant Fate and Transport discusses the factors that affect
the movement and persistence of the contaminants 1dentified 1n Section 4 0
This section also includes a summary of the fate and transport modeling
performed to support the risk assessment.

J Section 6 0 Baseline Human Health Risk Assessment presents a summary of
the baseline HHRA for QU6 (the complete baseline HHRA 1s presented 1n
Appendix J)

. Section 70 Environmental Evaluation ¢(hereafter referred to as Ecological Risk

Assessment [ERA]), presents a8 summary of the evaluation of the nature and
extent of contamination in biota, its relatonship to abiotic sources, and the
extent and type of adverse effects on the ecosystem community, population
and individual levels of biological organizations (the complete Ecological Risk
Assessment 1s presented in Appendix F)

o Section 8 0 Conclusions and Recommendations presents a summary of the
findings of the report and includes remediation recommendations

o Section 9 0 contains the References cited in the report
. Appendixes

- Appendixes B and C provide field survey data and
geologic/hydrogeologic data, respectively

- Appendix D provides the OU6 Phase I analytical data

(404™ 910-0025 521) (R7 1) (9/22/93 9 36 am)(1) 1‘3



- Appendix E provides details of the guality assurance/quality 'contfol
procedures implemented for this project.

- Appendix F presents the Ecological Risk Assessment

]
1

™ .
- Appendix G provides the detailed gijﬁodology, assumphons, and
results of the groundwater modelmj ouhdueted for OU6

I f '

- Appendix H provides the defhuléd methodh 5. assumptions and

results of the surface watewﬁpdelmg conducted Tor OU6

i

- Appendix I provides the detaﬂeknethodology, assumptions, and results
of the air modeling eonﬂuqtet’i £or oué6 -

- Appendix J _contamns the \OU\\Rhase I Baseline Health Rlsk
Assessment T ~ o

. i S i H

£
Y
£ Nongy

12 INVESTIGATION omcﬂvESf

- S
e

The objectives of the Phﬂsef‘kflm at OUG;asdeﬁned in the Work Plan (DOE 1992a), are;

- - ¥ %N
. To eharacten;e ;h'é"iiﬁys:ed ‘and hydrogeologic setting of the IHSSs
o To asses.xthe p:esence or absence of contamination at each IHSS

e o éﬁinc;enmthe ‘nature and extent of contammnation at each IHSS, »f present
e " To support ‘the I‘;iiise I Baseline Risk Assessment :
Within ‘ﬂ;ese broad objectives, site-specific data quality objectives were developed and
identified m‘Sect:on 40 of the OU6 Work Plan and are presented in Section 141 of thlS'

‘\J,

report

{4047-910-0023 521) (R7 1 ) (9/22/93 9 36 am)(1) 1‘4
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13 BACKGROUND

The following sections describe in general the plant operations at Rocky Flats, summarize the
historical activities at each THSS 1n OU6 and discuss previous and ongoing plant-wide and

OU6-specific investigations
131 Plant Operations

RFETS, located northwest of Denver CO (Figure 1 3-1), is a govemment-owned, contractor
operated facility consisting of approximately 6,550 acres of federal land It 1s part of the
nationwide nuclear weapons production complex Major plant buildings are located within
a Plant security area of approximately 400 acres The secunty area 1s surrounded by a buffer

zone of approximately 6 150 acres (Figure 1 3-2)

Historically RFP was operated for the US Atomic Energy Commission (AEC) from 1its
inception 1n 1951 until the AEC was dissotved in January 1975 At that time, responsibility
for RFP was assigned to the Energy Research and Development Administration (ERDA),
which was succeeded by the Department of Energy (DOE) in 1977 Dow Chemical US A

an operating umit of the Dow Chemical Company, was the prime operating contractor of the
facility from 1951 until June 30, 1975 Rockwell International was the prime contractor
responsible for operating the RFP from July 1, 1975 until December 31 1989 EG&G,
Rocky Flats Inc was the prime contractor at the RFP from January 1, 1990 until June 30
1995 On July 1, 1995 management of the RFETS was transferred to Kaiser-Hill Inc

The primary mission of the RFP was to fabricate nuclear weapon components from
plutonium uranium and non-radioactive metals (principally beryllium and stainless steel)
Parts made at RFP were shipped elsewhere for assembly In addition RFP reprocessed
components for recovery of plutonium after removal from obsolete weapons

Both radiocactive and non-radioactive wastes were generated in the production process
Current waste handling practices involve onsite and offsite recycling of hazardous matenals
onsite storage of hazardous and radioactive mixed wastes, and offsite disposal of solid
radioactive matenals at another DOE faciity However, both storage and disposal of

hazardous and radioactive mixed wastes occurred onsite 1n the past Preliminary assessments

{4047 910-0025-521) (R7 } ) (572293 9 36 am)(1) 1 '5



under the ER Program identified some of the past, onsite storage a? disposat locatlons hs
potential sources of environmental contamination ‘

132 OU6 IHSS Locations and Descriptions |
s"\ :

OU6 consists of 19 IHSSs located within or adjacent to the Wghut Creek dramages These
IHSSs consist of the Sludge Dispersal Area (IHSS 141), the'fo s A+Sehes Ponds along North
Walnut Creek (IHSSs 142 1 through 142 4), the five sé‘mq along South Walmgt
Creek (IHSSs 142 5 through 142 9), the Walnut and Infhigfia (w&ﬁv\ Creel
(THSS 142 12), the OId Outfall Area-(THSS 143);the Soil Dump Aré S 156 2), the
Tnangle Area (IHSS 165), Trenches A, B M C (IHSSs 1661, 1662, and 166 3
respectively) the North Spray Field Area (IHSS;( 67.1), and the East Spray Field Area (] [HSS
216 1) (Figure 1 3-3) The Pond Spray Fné; &,{&s 167 2), and the Sauth Spray erld
Area (THSS 167 3), previously included i the OU6 Phase I mvestigation, have been mduded
in OU7 for charactenzation and evalustion Howeve 3, 167 3, as presented 1n the work
plan, was retained in OU6 based!;m i knowledpé Figure 1 3-3 -also shows the

histonical and revised boundanes for. ﬁhgﬂ 2‘,_\

\

Each IHSS was assigned an IHSS refetent@ nq\mber by Rockwell International (DOE 1987)

The IHSS boundanes wérWNSed in the Hnsﬁmcal Release Report (HRR)*(DOE 1992b)!
based on reevaluatiop’ oﬁ’ aenal phobguphg and other historical records of waste drsposal
practices 1n QU6 Ihe‘HRRfevﬁiﬁﬁnﬁaﬁged the locations of IHSSs 167 2 and 167 3, and.
adjusted the boundaneS“of:\ﬁve additional [HSSs, as shown on Figure 1 3-3 (pages 1 and 2):
Because the OUG’W‘ﬂaylmwas eompleted prior to revision of the IHSS boundaries in! the!
HRR, field san‘iplmg aét:vrtws were completed according to the specifications of the Work%
Plan based on previous IHSS boundanes The Phase I boreholes and wells, however, were!
located™ méhe field after a review of the histonical data and aenal photographs Therefore '
some samﬁléd ;réas aré not congruous with the IHSS areas presented in the HRR, 'and%
sampled areas mayuxot characterize a specific revised IHSS The revised IHSS locations :

found in the HRR are used in Sections 2 0 through 9 0 of this report |

e - i

The following site descriptions are taken from the OU6 Work Plan (DOE 1992a), which was ‘

(4047-910-0025-521) (R7 1 ) (3/2295 9-36 wm)X(1) l '6
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based on descriptions in the RFP Comprehensive Environmental Assessment and Response
Program (CEARP) Phase I Report (DOE 1986a), the RCRA Part B-Operating Permut i
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Application (DOE 1987), and from the HRR (DOE 1992b) The descriptions in these
documents were based on historical records, aerial photography review and interviews with
RFETS personnel

1321 Sludge Dispersal Area (IHSS 141)

The Sludge Dispersal Area (IHSS 141) 1s located along the eastern perimeter of the secunty
area of RFETS The western half of IHSS 141 1s located within the secunty area of RFETS
(Figure 1 3-4) Two corrugated metal buildings (Building 974 and Drying Beds S, 6 and 7),
located in the western half of IHSS 141 cover the present day drying beds of the Sewage
Treatment Plant (STP) The eastern half of IHSS 141 slopes eastward toward South Walnut
Creek and the B-Senies Ponds Two paved roads cross this IHSS 1n a north-south direction
One of the roads 1s within the secunty area while the other 1s located 1n the buffer zone A
drainage ditch separates these two roads, with the ditch being located on the outside of the
secunty fence The water which collects in this drainage ditch flows into the B-Series Ponds

Prior to 1983 the Sludge Dispersal Area received.airborne particles (radioactive) from dried
sludge packaging operations (Rockwell 1988a) The sludge was generated by the sewage
treatment facility located in the western portion of this IHSS In addition, this area may have
received spillage of dried or drying sludge from drying beds located west of IHSS 141

Radioactive laundry effluent was the only known radioactive effluent entering the drying beds
between 1969 and 1972 By the latter half of 1972, however plumbing changes were made
and all Plant wastes were channeled through the STP and then into the drying beds This
resulted 1n increased radioactivity levels in the sludges (Owen and Steward 1973) In June
1972 an overflow incident occurred in June 1972 from Building 701 This incident resulted
in elevated levels of plutonium entering the STP, and subsequently the drying beds (Owen
and Steward 1973)

1322 North Wainut Creek and South Walnut Creek

The RFETS secunty area is located on a plateau which 1s bounded on the north by North
Walnut Creek North Walnut Creek and South Walnut Creek are intermittent streams that
recetve surface runoff from the northern and eastern portion of the RFETS facility and
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adjoining buffer zone An unnamed tnbutary (located one half mile north of the facihity and
north of North Walnut Creek) receives surface runoff collected from the northern buffer

All three of these creeks merge into Walnut Creek within the buffer zone about one mile
northeast of the security area (Figure 13-2) Walnut Creek flows toward Great Weste%m
Reservorr located approximately one-third mile east of the eastem boundary (Indiana Street)
of the RFETS The water from Walnut Creek 1s diverted ?t&,md Great Western Reservoxr

by the Broomfield Diversion Ditch and 1s carned to Blg ,Brny{eek
AN

The headwaters of North Walnut Creek ongmammthm %Chmch Dntdh

approximately 1 5 miles west of RFETS This dxfc?bdmdes within the em buffer zore
forming McKay Ditch and Church Ditch (anut’e X 3-2). The McKay Ditch further dmdep,
forming the North Walnut Creek drainage, \dnqh confipues for approximately 3 miles befone
converging with South Walnut Creek to focmwtéreek - =

\

%,

SN ,;
South Walnut Creek onginates near the center of %?s secunty area and bisects thb
eastern half of the secunty area (EMSO\:& Inut Creek converges with Norti\ .
Walnut Creek approxsmately one mﬂem the\ e boundary of the RFETS seeunty
area The onginal headwater area of §mr»w dimt Creek was backfilled dunngconstmctlon
of the RFETS facilines, thesefore flow bggms near a buned culvert west of Building 99!
(Figure 1 3-4) ’Jf%¥ "; " L
7 e
The natural drainage of‘North m’tﬁuﬁ and South Walnut Creek have been modified i
OU6 by the constructibm of sletectlon ponds These detention ponds (the A and B-Senes
Ponds) serve to'fémp?)'rmly deggn‘sgrface water runoff from the RFETS facilities and buffer
zone for the purpo‘s\e\b{ simplmg ‘and performing analyses prior to release downstream
These detentlon ponds are also used for spill control management Sections 1323 and

1324 pmvide, fietalled giesqnpﬂons of these ponds o
1323 A-Senes Pon Ss 142 1 through 142.4

Ponds A-1 A-2 A-3 and A-4 (THSSs 142 1 through 142 4, respectively) are located 1n North

alnut Creek, northeast of the RFETS secunty area (Figure 13-3) These ponds were
enerally constructed by the placement of earthen embankments or dams across North Walnut ‘
reek (Figure 1 3-5) The estimated storage at 100 percent capacity for Ponds A-1 through
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A-4 are 1400000 gallons (gal), 6,000,000 gal, 12,370 000 gal and 32,490,000 gal,
respectively (Merrick 1992) The size of these ponds vary seasonally but are usually
maintained at 10 percent capacity

The A-Senes Ponds are used pnmanly to capture and control surface water runoff from the
northern part of the RFETS production facihties and from North Walnut Creek Historically,
the A-Senes Ponds received discharges from several different sources Between 1952 and
1979 Pond A-1 was used to hold water that was discharged mto North Walnut Creek from
the northern production facilities, including Building 771 outfall, which contained nitrates and
radioactive substances such as plutonium and uranium (DOE 1992b) Pond A-1 also received
process liquid waste cooling tower blowdown and steam condensate discharges which
contained chromates and algicides After the construction and completion of Pond A-2 (1974)
and prior to 1978 the water from Pond A-1 was allowed to flow into Pond A-2 where the
water was disposed of by natural and spray evaporation (Hurley 1979)

The above mentioned discharges although long since discontinued produced measurable
amounts of plutonium 1n the stream sediments of North Walnut Creek and 1n the sediments
of Pond A-1 (DOE 1980) Pond A-1 is presently used for spill control management and
receives only local surface water runoff and groundwater seepage that may occur in the area
The water collected 1n this pond 1s currently disposed of by natural and spray evaporation
Pond A-2 received process wastewater and laundry wastewater from Ponds A-1 and B-2
(IHSS 142 6) The water from Pond B-2 1s pumped to Pond A-2 wvia pipeline (Figure 1 3-3,
page 1 of 2) The water from Pond A-2 has always been disposed of by natural and spray
evaporation Pond A-2 is presently used for spill control management and receives only local
surface water runoff and groundwater seepage that may occur in this area

Pond A-3, constructed in 1974 continues to be used to impound surface water runoff from
the northern plant facilities and North Walnut Creek Waters oniginating upstream in North
Walnut Creek are diverted around Ponds A-1 and A-2 by the A-2 bypass culvert (Figure
1 3-5) and channeled into Pond A-3 The water 1s temporarily detained in Pond A-3 before
being released into Pond A-4
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i
Pond A-4, constructed in 1979, historically recerved water from Pond A-3 Presently, Pond
A-4 receives water from Ponds A-3 and B-5 (the water from Pond B-5 1s pumped into

Pond A-4)

1324 wumuaa ~ !

Ponds B-1 B-2, B-3, B-4, and B-5 (IHSSs 142 5 throughf142:Q respactlvely) are located m
South Walnut Creek, east of the eastern penmeter of the W ty area (Figure 1 3-3
Page 1 of 2) The estimated storage at 100 percent cipaclty for anQ 1 through B-5 are
1,140,000 gal, 1,500,000 gal, 570,000 gal, 180,939 gal, and 24,650,000 gal, respectlvely
(Mernick 1992) The relative pond sizes are slroyn mm Figure 1 3-6 S
The B-Senies Ponds were generally constn;ctéd\J;y tj:e placement of earthen dams across
South Walnut Creek Outlet structures and spnll\vgyﬂgre constructed on some of the dams
to regulate flow out of these detention ponds a}dng\'bhannel excess water around the
embankments when the ponds are] n:?f’ﬂmpagty |
[

The B-Sernies Ponds are used pnmanl}t(o up@nreﬁoontroi surface water runoff fro!h thq
eastern and central pomoyof;the RFE’FS p:oductmn facilittes The major component of
RFETS discharges to thé B<Senies Ponds o, 9‘9 1s the sanitary effluent from the samtary
wastewater treatment ’glpm (Bmldmg%;.(DOE 1992b) Histoncally, several other waste
disposal activities have ieenAssocxaf?lf‘mﬁ: the B-Series Ponds since the beginning of plantl
operations mn 1952 Bbtweeu 1952 and 1973, decontaminated process water and laundry.
wastewater wew"féfeﬂsed mtoSouth Walnut Creek and subsequently into Ponds B-1 thﬂ)ugh%
B-4 Nntrate pfutomurh and uranrém were contamned in these wastes, the volume of wastes

released i mto South Walnut Creek 1s unknown (Rockwell 19882a)

ES Tl

Pond recon;tmcnmg,puvmes between 1971 and 1973 resulted in disturbances of the bottom :
sediment of the channef upstream of Pond B-1 This construction caused much of: the
upstream sediment to be transferred to Pond B-1 , Increasing the total plutomum levels (DOE
1980) As a result of this activity, there are probably several additional curies of plutonium
presently trapped in the sediment within the waste discharge pipe and the inlet of Pond B-1
(Rockwell 1988a) !
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Presently Ponds B-1 and B-2 are used for spill control management and to detain local
surface water runoff and seepage that may occur from nearby areas Pond B-3 receives
effluent from the STP and local surface water runoff Pond B-4 receives discharges from
Pond B-3 The water in Pond B-4 1s released into Pond B-5

Pond B-5 constructed in 1979 was used as an overflow pond for Pond B-4 In 1991, a
diversion pipeline structure was built from Pond C-2 to Pond B-5 Presently, Pond B-5
recetves water from Pond B-4 and surface water runoff from the Central Avenue Ditch

(Figure 1 3-6)

1325 Walnut and Indiana (W&I) Pond (FTHSS 142.12)

The W&I Pond (IHSS 142 12) 1s located along Walnut Creek approximately 2,500 feet east
of the confluence of North Walnut Creek and South Walnut Creek and immediately west of
Indiana Street (Figure 1 3-3, page 2 of 2) The W&I Pond was constructed to collect flow
measurements on Walnut Creek This 1s accomplished using two Parshall Flumes (6-inch
throat and 36-inch throat) Sediments transported by 'North Walnut Creek and South Walnut
Creek may settle in JHSS 142 12 due to the quescent conditions of this pond The effluent
from this pond 1s sampled on a daily basis when discharging Discharging occurs when the
capacity of the pond 1s exceeded by the influent Water discharged from the W&I Pond
flows downstream into Walnut Creek

1326 0ld Qutfall Area (IHSS 143)

The Old Outfall Area (IHSS 143) 1s located to the northwest of Building 773 (Guard Station)
and Building 771 within the protected area (PA) (Figure 1 3-3 page 1 of 2) A detailed map
of THSS 143 1s shown on Figure 1 3-7 The Old Outfall Area is approximately 30 000 square
feet in area and has been covered with fill (amount of fill and date unknown) Temporary
trailers and the PA fence are currently situated on or near this IHSS Because of the PA
fence construction, the present day drainage system s different from the drainage system that
existed during the operation of the Old Outfall

The Old Outfall Area acted as a catchment basin that recerved hiquids from vanous sources,
the main source being the laundry holding tanks in Building 771 (Dow 1971a) If plutonium
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concentrations were found to be below 3,300 disintegrations per minute per liter (d/mA),
liquid waste containing plutonium was discharged from these holding tanks into the d;d
Outfall Area. Between mid-1953 through mid-1957, 4 5 million gal, of hquid were re‘leasd!;d
into the Old Outfall area. Approximately 2 23 millicunes (mCs) of plutonium were releaséd
with these liquids (Dow 1971a) At no time did concentranonsfrom the discharge exceed
1 000 d/m/1 In 1957, a waste line was installed to allow hqmd/from these holding tanks to
flow to Building 774 However, due to occasional equxptnent@rcblems peniodic releases
from these holding tanks occurred between 1957 and_ 2965 Old Outfall Area anld
subsequently into North Walnut Creek Duning this pSrwd 434, anqmd contammg
0 25 mCi of plutonium were released to the Old ﬁﬁ;fall Area (Dow 1 4«%) :

!

Other sources of discharge to the Old OutfalLArta from Bulldmg 771 included the analytlcal

laboratory and radiography sinks, the persmnel“dqmnt}mmatxon room (showers), and runoff

from the roof and adjacent ground areas around-the é% No decumentation specific te»
ds

the quantities of hiquid or rad:oactw:ty of these hqui recorded (Dow 1971a)

(

%

The plutonium concentrations n these \\mges.@d n soil contamination at the pomt
of discharge at the Old Outfall Area (ﬁuw %973) The first occurrence of soil contammatxon

at the Old Outfall was reponuun May 1956, and soil contamination was reported agam m
May 1958 (Dow l97la); IL{S‘not known if ih& contaminated soils were removed from thls
area L e— :

" .
In May 1968, a sewer lme brokg at Bmldmg 771, causing the sewage hft station tank (located
west of Bu:ldm“g’“??h anure ‘!,3 -8) to overflow mnto the Old Outfall Area. Low
concentratlons‘of radloactlve matenals (including plutonium) and vanous chemicals were |
detected- 1q,ﬂ\e soils near-the Old Outfall Area following this spill (Rockwell 1988a) In_
Apnl 191(2:23.1e,,\(ated radioactivity readings were detected in the soils at the Old Outfall Area
and soil samples were céilected and analyzed In June 1970, the area between Building 771, :
the Old Outfall Area ;nd North Walnut Creek was radrologically surveyed, and in September, ! :
contaminated soils were removed from an area of approximately 75 square feet (sq ft) (Dow \
1971b) The location of the excavation was not specified
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contamination to a depth of 3 § feet (Dow 1971¢) Removal of soils from an 800 sq ft area
at the Old Outfall Area began in February 1971 and was completed in early August 1971
(Figure 1 3-8) Soil was imitially removed from an area 2 5 feet deep, 3 feet wide and 15 feet
in length The depth of this excavation decreased to a depth of about 1 foot in the area
farthest from the discharge point East of this excavation, a second area, approximately 25
feet by 30 feet, was excavated to a depth of approximately 1 foot (Dow 1971a) Excavation
activities were performed only when the soils were relatively dry to reduce the potential for
liquid to collect in the waste drums Cement was added to each drum before and after the
placement of the soil into the drums to absorb any liquid that may have been contained within
the soil The excavated area and the soil sample results from this area are presented in
Figure 1 3-8 Following these soil removal activities, the area was considered to be free of

significant plutonium concentrations (Dow 1971c¢)

1327 Soil Dump Area (IHSS 156 2)

Y

The Soil Dump Area (IHSS 156 2)\|s located within the buffer zone northeast of the
northeastern boundary of the RFETS security area and northeast of the Tnangle Area
(Figure 1 3-4) Geographically IHSS 156 2 1s located on an east-west trending interfluve that
separates North Walnut Creek and South Walnut Creek in the vicinity of the A and B-Sertes
Ponds (Figures 1 3-3 page 1 of 2) A gravel road bisects this IHSS in a northeast, southwest
direction The Soil Dump Area covers an area of approximately 255,000 sq ft (5 9 acres)

The Soil Dump Area recerved between 50 to 75 dump truck loads (actual quantity unknown)
of so1l containing low levels of plutontum (DOE 1992b) These soils were excavated during
the construction of Parking Area No 334 located in the western half of the secunty area
However the excavated soils removed from Parking Area No 334 ongnally had been
excavated near Bullding 774 located approximately 100 feet east of Building 771 near the
Old Outfall Area (Figure 1 3-3 page 1 of 2) Asphalt debns and concrete remains were also
found within the Soil Dump Area Based on the questionable ongin of these soils the

presence or absence of contamination i1s unknown
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1328 Tnangle A 65

The Tnangle Area (IHSS 165) 1s located within the RFETS securnity area, between tlhe
Perimeter Road on the north and Spruce Avenue on the south (Figure 13-4) Tine
southwestern comer of this IHSS overlaps slightly with IHSS’iJG of OU10 The wstem
two-thirds of this IHSS are within the PA The PA fencmg zrogses through the eastern one-
third of this THSS in a north-south direchon The PA £ ‘2 area consists of two fencies
approximately 100 feet apart with a concertina wire centerATh\ between the fences 1s
mnaccessible (Figure 1 3-4) The Tnangle Area 1s not-pdved, but Rag been partially covered
with gravel fill and 1s sparsely vegetated IHSS lﬁs\povers an area of appsoximately 250, oqo
sq ft (5 7 acres) f v

The Tnangle Area inside the PA 1s presently used as a storage yard for various types of
equipment However, between 1966 and 1975, gle Area was used as a storage sm
for miscellaneous wastes Duning the latter hdm Tnangle Area was first used as
a drum storage area when it becme ne to movea large number of drums to the
Tnangle Area from a field north o}’.Bp\dfrTg”S&L\mz drums were placed directly on the .
ground through the winter of 1966 Ir}-’thz spring of 1967, the Chemical Operatlons
Department at Rocky Flmmonnd a.“ drums based on contents and placed them on
wooden pallets (Dow lQ-?4g)"“Vanous scrap‘matenals stored in the drums included graplute
molds crucibles, incinerator ash hee)remlble heels, Raschig Rings and combustible wastes
(Dow 1974b) These ‘scrap’ mﬁteﬁi‘]!’“were stored in the drums pending processing for
plutonium 1n Building 731 Dtums containing graphite and washables were also stored 1n the
Trnangle Aregm‘March 1967.. Suﬁﬁpces of surplus equipment stored in the area during thns
time had détgctable concentrations of alpha contammation This contamination apparently
had blown mto the area from the mitrate ponds or solar evaporation ponds located to the west
of the Tnanngea (Dow 1974a) By December 1968, approximately 5,000 drums had been
placed in the 'Fnangle Area’ High winds during December 1968 damaged many of the dmms
located in the Tnangle Area. A fire occurred in Building 776 in May 1969 Followmg
cleanup operations, the accumulated fire waste and residues were drummed and the drums
were placed in the Tniangle Area for temporary storage (Dow 1974a)

On five separate occasions one in 1969, one in 1971, and three times i 1973, leaking drums .
were discovered at the Tniangle Area. In January 1969, approximately 29 drums were found
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leaking in the Triangle Area This leakage affected an area of about 200 sq ft (Owen and
Steward 1973) The sotl was removed and shipped as contaminated waste to an offsite
facthity Followmng this 1969 spill all the drums in the Triangle Area were placed mn
rail/truck cargo containers to help minimze future leakage This transfer was completed by

1971 (Dow 1974a)

The type of drums and liners used for the storage of wastes in the Trniangle Area varied The
55 gallon drums used for containment of wastes through 1969, were made of an inexpensive
matenal with hiners made of double polyethylene bags that had previously been used to
contain miscellaneous wastes Durning 1969, the Chemical Operations group began cutting
Iids from peroxide contamner liners, and using these liners as inside liners for the drums By
1971 the use of used drums was discontinued due to several spills and leaks which had
resulted from drum deterioration and higher quality drums were purchased for use (Dow
1974a)

In spite of the efforts to contain all wastes in higher quality drums and cargo confiners,
leaking drums were once again discovered in the Triangle Area The contamin

resulting from this incident was removed from an area of approximately 1,000 sq ft

have resulted 1n the accumulation of dilute mitric acid, which eventually penetrated thefpottom
of the drums Condensation of moisture during penods of cold weather may ail§o have
contributed to liquid accumulation within the drums and eventually penetration of thq wastes
through the bottom of the drums (Dow 1974b) After the 1971 incident, the bottom ¢f cargo
containers used for waste storage were routinely fiberglassed on the inside with fiperglass
running up approximately one inch on each of the four inner walls This additiorf was to
enhance and improve containment of the waste and any moisture buildup within tHe cargo
containers (Dow 1974a)

(Owen and Steward 1973)
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In September and October 1974, an imnal radiometnc survey of the 'Enangle Area ndennﬁed
26 areas above background Several additional radiometric surveys were conducted pn
portions of the Triangle Area during the first half of 1975, and no additional elevated readmgs
above background were discovered Locations where the surveys were conducted n the

Tnangle Area are not known a}
& #

By June 1975, all cargo containers were removed from the Tr;;ngle Area and shipped to qn
approved facility in Idaho The Tnangle Area has not been, for radioactive storage
(Rockwell 1988a) Following the removal of the cargbﬁ)ntmners metric soil survqy
was conducted over an area of approximately 4 Oﬁﬁ‘sq ft in the Tnang 'rea No elevated
readings were 1dentified from the survey Howev,er six drums of soil were excavated from
areas previously discovered to contain elevated;feadnpgf and were sent to the drum countqr
at Building 771 (Dow 1975) A secend rndloi’netac s(mrey was conducted in the Tnangle
Area in July 1975 covening an area of approxuﬁately‘ﬂ,pOO sq ft Two very small areas wnth
elevated readings were detected, but no soil was \0\\?&1 from these areas at that tlme

(Rockwell 1975a) \“\\w -

Lo f : ,N’; - I|
In a letter dated July 13 1979 from Rockwell International to DOE (Rockwell 1979a), the

results from a radiometnic sml—-survey eoﬁducted within the PA and specifically the Tnangle
Area were presented F,Outmas ‘within the'l‘nangle Area had above-background readmgs
By January 1980, thg sgﬂ n these-deagna.ted areas had been removed (Rockwell l980a)
The amount of soilk; removed"from ‘These-aréas 1s unknown (Figure 1 3-4) '

s

S

R

A prellmxnary,fevlew of. aeﬁaLpﬁ‘otogmphs conducted for the OU6 Work Plan revealed that
in addition’ totﬁe 55 galio’n drums stored i THSS 165, miscellaneous equipment was also
present on the west and northwest portion of the IHSS between 1971 and 1983 Stained 501151
were vxssble m the northwest comer of this IHSS in a 1971 aenal photograph In a 1986§
aenal photograph a mmlmal amount of materral such as pipe, and scrap metal was prebent
at the Triangle Area (EPA 1988)

1329 Trenches A, B and C (JHSSs 166.1, 166.2, and 166.3)

‘Trenches A B and C (IHSSs 166 1, 166 2 and 166 3, respectively) are located nerth of the ;_
ETS secunty area on a plateau that separates North Walnut Creek and the unnamed
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tributary to the north (Figure 1 3-3, page 1 of 2) Trench A (IHSS 166 1) 1s esimated to have
dimensions of approximately 80 feet by 190 feet and 1s located about 100 feet southeast of
the present landfill (Figure 1 3-9) Trench B (IHSS 166 2) 1s eshimated to be approximately
90 foot wide by 190 foot long and 1s located approximately 125 feet south of IHSS 166 1
Trench C (IHSS 166 3) consists of two separate trenches The westernmost Trench C is
located between IHSS 166 1 and IHSS 166 2 and i1s approximately 60 feet by 200 feet The
easternmost Trench C 1s located about 250 feet east of IHSS 166 1 and is estimated to be 40
feet by 100 feet 1n size

The history of these IHSSs and the dates they were active are based prnmanly on aenal
photographs (EPA 1988) Aenal photographs dated October 15, 1965 show areas of soil
disturbance at the trenches locations Little documentation 1s available concerning their
operational histories The HRR (DOE 1992b) concluded that information on THSSs 166 1
through 166 3 1s vague and conflicing The exact location and contents of the trenches are
not documented, however, sludge and liquid from the wastewater treatment plant may have
been burted in the Trenches IHSS 1661 appeared to be active from 1964 untl
approximately 1974 (Rockwell 1988a) IHSS 166.2 was active 1n 1958 though the closure
date of this trench 1s unknown Ewvidence of IHSS 166 2 was still visible 1n the 1988 aenal
photograph after which time this area began to revegetate ITHSS 166 3 was active from 1964
until possibly 1974 (DOE 1986b) In a 1978 photograph, a road had been built across a
portion of IHSSs 1661 and 166 3

THSSs 166 1 and 166 2 recerved uranium and/or plutonium contaminated siudge from the STP
(Rockwell 19884) No other materials or wastes are known to have been placed in these
trenches Matefals placed in IHSS 166 3 are unknown, but 1t 1s probable that sewage sludge
was also placed within this trench

13210 North Spray Field and South Spray Field Areas (THSSs 167 1 and 167 3)

The North Spray Field and South Spray Field Areas (IHSSs 167 1 and 167 3) are located
north of the RFETS secunity area and north of North Walnut Creek (Figure 1 3-3 page 1 of
2) The North Spray Field Area occupies approximately 172 500 sq ft (3 96 acres) The
South Spray Field Area occupies approximately 40 000 sq ft (0 92 acres) These spray fields
are presently ,wered by grasses common to the Rocky Flats area As previously mentioned
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the Pond Spray Field Area (IHSS 167 2), shown on Figure 13-3 (page 1 of 2), wﬂl be
addressed under the OU7 RFI/RI Report -

- S
The pertods during which IHSSs 167 1 and 167 3 were operational are not precisely know}n
However, the spray fields were used shortly after the present b}ndﬁll (THSS 114) becarne
active in 1968 (Figure 1 3-9) These spray fields were used soély for the purpose of spraymg
water over the ground surface to enhance evaporation of the Syater from the ponds located
near the present Landfill (IHSS 114) (Figure 1 3-9) andffrom“;pe%qﬁﬁl and 774 footmg
drains The East Landfill Pond 1s the existing landfiil.pond (Fl?ﬂ{ -9) and 1s lBed to
intercept groundwater that may have been contamma)ed by leachate gen at the Landﬁll
and 1s used for spill control management. 'I‘he;West Landfill Pond, which was covered over
in May 1981 had been used to impound leachafe genggated by the Landfill

“ \"x & ;

Spray evaporation, selected as the method to a‘isgosesqf water from the landfill ponds was
first applied in the South Spray Field Area (IHSS\K\i)a Duning operation of this spray
field surface water runoff was fonnd to Ing towird North Walnut Creek The use

of this field was subsequently dlsconnnnecTde m@ irngation was movéd to the Nortlk

| Spray Field Area (IHSS 167 1) Dun}g operqnon of this spray field, the sprayed water was

fouhd to be draining into the Unnamed Tnbutary and, subsequently, into Walnut Creek - The
spraying was again discontinued and moved‘to‘;the Pond Spray Field Area (IHSS 167 2) '

The water sprayed onto these fii eTH*Wned varying amounts of low-level radloacnvnty‘
denived from tritium, strontium, plutomum and amencium (DOE 1992b) Low concentranons

of phenol and mitrate were also detepted in the spray water

R

13211 - East Spray Field Area (IHSS 216.1)

approximately 150,000 sq ft (3 4 acres Figure 1 3-6)
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The East Spray Field Area {IHSS 216 1) 15 located northeast of the northeastern boundary of'
the RFETS secunty area (Figure 1 3-3, page 1 of 2) It s geographically located on an east-:
west trending interfluve that separates North Walnut Creek and South Walnut Creek n. thez
vicinity of the A and B-Series Ponds The East Spray Field Area covers an area of




This spray field became operational 1n 1989 to provide an additional area to accommodate
the spray evaporation of water from Pond B-3 The water in Pond B-3 is from the effluent
of the STP and local surface water runoff The use of this area as a spray field stopped
shortly after 1t became operational in the latter part of 1989 due to excessive runoff problems

133 Previous Investigations

Varnious studies have been conducted at RFETS to characterize environmental media and to
assess the extent of radiological and chemical contaminant releases to the environment
These have included geological studies, surface water and groundwater studies, and
geophysical and radiometric surveys Several environmental, ecological and public health
studies culminated in the Final Sitewide Envaironmental Impact Statement (DOE 1980) The
historical term, RFP 1s used in this section due to the historical nature of the investigations
Previous site-wide investigations (prior to 1986) have included

o Detailed descriptions of‘ the regional geology (Malde 1955 Spencer 1961
Scott 1960, 1963 1970, 1972, and 1975 Van Hom 1972 and 1976, DOE
1980 Dames and Moore 1981, and Robson et al 1981a and 1981b)

. Several dnlling programs, beginning in 1960, that resulted in the construction
of approximately 60 momtoring wells by 1982

U An mvestigation of surface and groundwater flow systems by the US
Geological Survey (Hurr 1976)

. Environmental, ecological and public health studies which culminated in an
environmental impact statement (DOE 1980)

o A summary report on groundwater hydrology using data from 1960 to 1985
(Hydro-Search, Inc 1985)

. A preliminary electromagnetic survey of the RFP perimeter (Hydro-Search
Inc 1986)
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J A soil gas survey of the RFP penimeter and buffer zone (Tracer Research, Inc
1986)

. Routine environmental monitoning programs addressing air, surface watér
groundwater, and soils These programs are~symmanzed mn the annnal
environmental monitoning reports (Rockwell 1,97;{ 1996, 1977, 1978, 1979,
1980b, 1981 through 1985, and 1986a) onal information on routine
environmental programs 1s also presenty/ffam\l  annual envxrom_nentgl

monitonng reports (Rockwell 19872 asd {989, EW\ 90a)

At g

In 1986, two major environmental mvesttgatnons; re completed at RFP The first was the
CEARP Installation Assessment (DOE 1986;5 yihich »cluded analyses and 1dentification qf
wasta sites, cusrent and past waslie
‘pa{hways through which contammamis

enht!ly have adverse impacts on the

current operational activities, active anc&nd

management practices, and potential environm
could be transported A number of sites that could |

environment were 1dentified These sites 1gnated 4 Solid Waste Management Umt.F
(SWMUs)(DOE 1987) and were dnﬁd{% ree catpgories g
1 Hazardous waste. management ,umts that will continue to operate and need a
RCRA operatmgpermnt N 3
s m“““‘“’% ) ;
2 Hazqgo"bsz_gv‘gsft'q fiaftagement units that will be closed under RCRA intenim

Y

Status ) a‘\%

| — -*‘7“ »\L
4" e ""-\

3 Inactlve ‘W&s’te man‘agement units that will be investigated and cleaned up under
.7« Section 3004(v) of RCRA or under CERCLA |

kx

The acronym SWMU was later renamed with IHSS The term IHSS wll be used throughout
this report 7

4047-910-0025-521) (R7 1) (9/22/93 9°36 am)X(1) 1'20
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The second major environmental investigation completed at RFP in 1986 involved a'
hydrogeologic and hydrochemical characterization of the entire RFP site Results of these
investigations were reported by Rockwell International (1986b) Investigation results?
indicated four areas to be significant contributors to environmental contamination, with eich



area containing several sites The areas are the 881 Hillside Area, the 903 Pad area, the
Mound Area, and the East Trenches Area. Due to their proximity, the 903 Pad Mound and
East Trenches areas were grouped together and designated OU2 The 881 Hillside was
designated as OU1

In 1989 and 1990 two radiological surveys were conducted at RFP The aenal radiological
survey in 1989 (DOE 1990a) consisted of airborne measurements of both natural and man-
made gamma radiation from the terrain surface in and around RFP In 1990, mn situ
radiological surveys were conducted at RFP (DOE 1991b)

Four other RFP-wide studies have been conducted that further supplement OU6 RFI/RI
activities the geologic characterization program, the background geochemical charactenzaton
study, the surface water and sediment geochemical study, and the historical releases

mvestigation

The RFP geologic charactenization program (DOE 1992c) was undertaken to develop a
comprehensive geologic framework that could be used to define the direction, rate, and
volume of groundwater flow, delineate contaminant migration pathways and charactenze
potential seismic nsks The study was intended to be used to formulate hydrogeologic
models, design and implement groundwater monitoring programs, and plan remedal activities

The background geochemical charactenization study summarizes background data for
groundwater, surface water, sediments, and geological matenals, and 1dentifies preliminary
statistical boundaries of background vanability (DOE 1992d) Similarly, the surface water
and sediment geochemical characterization study (DOE 1992e) identifies surface water and
sediment characteristics and documents general geochemical trends associated with

environmental contamination at RFP

The historical releases investigation was required by the Interagency Agreement (IAG 1991)
to provide a complete histing of all spills, releases, and/or incidents involving hazardous
substances that occurred since the inception of RFP operations Information describing
individual release sites was gathered by background research, file review site visits and
photography, and employee interviews Release sites including existing RFP IHSSs, were
designated as potential areas of concern (DOE 1992b)

A}

(4047 910-0025 521) (R7 1) (9/22/95 9 36 amX1) 1 '2 1



o

In 1992 an investigation was conducted to provide an engineening evaluation of the stabnilty
and general safety of earthen dams A3, Bl, B3, and the Landfill Dam, which wiere
constructed in the North Walnut Creek and South Walnut Creek dramnages The dams study
included visual reconnaissance, exploration and evaluation of subsurface conditions, analyses
of data, and development of conclusions and recommendat:onspertmmng to the condition of
the dams Field and laboratory data, analyses, and conclqsions and recommendations ére
summarnzed in the geotechnical engineering report (EG&G 1993a)

1.34 Ongomg Investgations within OU6 h. ;;K\}%

[

1341 1 li )gram - <

For several years sediment samples werekconetged quarterly at 17 locations along Norﬂl
Walnut Creek, South Walnut Creek, the unnamed‘tnbu;a:y north of North Walnut Creek, and
from drainages along the north slope of the plant ( bQE 1~Q92a, Figure 2-2) However thle
Sediment Sampling Program was‘ Mm the f;ﬂ of 1992 The existing loc&tlons
were also sampled as part of the OH6 Phaséti ﬁd_L‘ lmg program ; '

1342 urface W i r

A s ™, Ay
T e F B %’

> ~

Surface water sampls a;e collgcted'monihly to momtor the water quahty pnior to and durmd
off-plant site dnschirge WlﬁanUB”“numrous surface water sampling sites exist along the
Walnut Creek dramagé‘ind wuthm the A and B-Senes Ponds (DOE 1992a, Figure 2-2) The.
Phase 1 mvesugaﬁ“used‘ manyng the existing surface water samplmg sites to co]lect:?_
samples for analyses ‘These spéeiﬁc existing sites, along wath additional Phase I surface
water samp{mg sites, are shown on Figures 2 2-3 through 2 2-12 of this report '

1343 - Groundwater Sampling Program

Groundwater samples;‘!from existing wells at RFETS including the OU6 area, are collected
on a quarterly basis to monitor the groundwater quality beneath the RFETS Existing wells
jocated 1n the QU6 area, are presented on Figure 3 6-1 and associated data are dlscussed In i
Section 3 6 of this report
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14 SUMMARIES OF THE OU6 PHASE I RFI/RI WORK PLAN, TECHNICAL
MEMORANDA, AND LETTER REPORT

This section presents summaries of the QU6 Work Plan, Technical Memoranda (TM) and
Letter Report As stated in the IAG the 1terative nature of the RFI/RI process may 1dentify
additional data requirements and analyses for many of the sites (IHSSs) at RFETS due to the
unknown nature of these sites Therefore, technical memoranda shall be submitted that
document the need for additional data and 1dentify the data quality objectives (DQOs) Upon
agency approval the TM are attached as amendments to the approved Work Plan

Six TM, as shown below were prepared as part of the OU6 Phase I RFI/RI

. Final OU6 Phase I RFI/RI Work Plan - Subsection 141

. Addendum to Final OU6 Phase I RFI/RI Work Plan (TM1) - Subsection 1 4 2

o Human Health Risk Assessment Exposure Scenanos (TM2) - Subsection 143

) Human Health Risk Assessment Model Descniptions (TM3) - Subsection 1 4 4

. Human Health Risk Assessment Chemicals of Concern (TM4) -
Subsection 1 45

o Human Health Risk Assessment Toxicity Assessment (TMS5) - Subsection 1 4 6

) Appendix I, Addendum No 1, Additional Pond Sediment Investigation -
Subsection 14 7

Summaries of the techmcal memoranda are presented as discussed in the documents at the
time they were submitted and/or approved The summarnes do not present interpretations

document what was implemented, nor present results

A summary of the CDPHE Letter Report "Source Area Delineation, Risk-Based Conservative
Screen, and EPA Areas of Concern Delineation” (DOE 1994a) 1s presented in Section 14 8

141 Summary of the Final QU6 Phase I RFI/RI Work Plan
The OU6 Work Plan (DOE 1992a) presents the plan for the Phase I RFI/RI of the North

Walnut Creek and South Walnut Creek drainages at RFETS The Work Plan includes a FSP
that was designed to evaluate the presence or absence of contamination in the OU6 IHSSs
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The schedule and sequence of work for completing the OU6 Phase I investigation are outlméd
in the Work Plan ;

The Work Plan presents a description of the site physical charactenstics, histonies, pr_eVlolZlS
investigations, available information concering contamination, gnd conceptual models for tﬂe
IHSSs Apphicable or relevant and appropnate reqmremen}s (A"RARS) developed for OU6
were also presented Data needs and DQOs were estabhsked Sogls:danng site charactenstlcs
and conceptual models of each IHSS The Work Plan mckxd‘ega)ﬁhne Rusk Assessment
Plan a Quality Assurance Addendum, and Standard Dperatmg Pnkcd\m>(SOP) Addenda

5 |
After assessing the existing information for OUS 5he followang objectives for the QU6 Phsse
I RFI/RI were 1dentified £ ~
i :‘2 ’;» s

S £
~. w5

. Characterize the physical and h)"’d:og ogic setting of the IHSSs
. Assess the presence or-absence of co::a}f?npon at the sites
. Charactenze the naq;r?m\ld of cor;\ti‘nunatlon at the sites 1f present ‘
. Support the Phase I has;:ﬁ‘&sl}.k ent . .
Data quality objectives weto-@velopgd‘{or» the OU6 Phase I nvestigation DQOs are
qualitative and quantntauve»sfhemems that desgnbe the quality and quantty of data requnred
by the RFI/RI Throﬂgh apphéauorr—ot.xhg_DQO process, site-specific RFI/RI goals were
established and da& nbeds ﬂmﬂWhnwnng these goals Table 1 4-1 presents the'
DQOs 1dentified 1n th\Workiglan for the Phase I RFI/RI at QU6 ,

) ;wi,_“

= Y . i

142 Sum'maFy of Z“dgégdun’i*ﬁ‘ Final OU6 Phase I RFI/RI Work Plan (TM1)
5 £ L

ra

The pufpo#é%f TM1 (DOE 1992f) was to eliminate unnecessary effort specified in the 6U6:'
Work Plan \Q\dd‘t&pnaﬂy, surface water sampling along streams and surface water flow
measurements at exastmg gaugmg stations were proposed to enhance the Human Health Rxsk
Assessment and contaminant fate and transport modeling i

The TM1 revised the scope of six Phase I RFI/RI sampling activities

. Deleted five bedrock wells along North Walnut Creek .
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. Deleted one alluvial well immediately downgradient of each dam at Ponds A-4

and B-5

. Eliminated three proposed ambient air samplers from the field sampling effort

. Specified surface water sampling and flow measurement locations at
previously established site-wide sampling sites and gauging stations

. Limited the radiation survey specified for IHSS 165 to the eastern portion of
the THSS located east of the PA fence, where the soil 1s not covered with
gravel

. Substituted the use of a field instrument for the detection of low-energy

radiation (FIDLER) instead of the high punty germanium (HPGe) instrument
specified for the above radiation survey, if the HPGe instrument was not
available

TM1 was approved by the agencies and amended to the Final OU6 Phase I RFI/RI Work Plan
as Appendix H

143 Summary of OU6 Human Health Risk Assessment Exposure Scenarios (TM2)

TM2 (DOE 1995a) presents an evaluation of potential human exposure to contamination from
OU6 1n support of the baseline HHRA (Section 6 0) The objectives of TM2 are to (1)
descrnibe present and future land use scenarios (2) identify potential human receptor
populations that may be exposed to contaminants from QU6 (3) deternine potentially
complete exposure pathways by which chemicals are transported from sources to human
exposure points and (4) provide estimates of exposure parameters (e g tnhalation rates and
duration of exposure) The evaluation process associated with these objectives is discussed

below

Review of present and future land use scenarios

A review of the current land use and activities was performed to develop a list of individuals
currently exposed to contaminated media in QU6 The planned potential land use (1 e
agricultural, residential, or industrial) for QU6 and the surrounding area was also reviewed
and a list of credible future exposed individuals was developed

(4047 910-0025 521) (R7 1 ) (972295 9 36 am)X(1) 1'25



Determination of ntial r 0

The current and future land use scenarios were used to identify potential receptor populatlo!ins
(humans etther onsite or offsite, who could be exposed to contaminants in QU6 med:i)
Receptor populations include current or future workers at t!)e\sxte performing indoor or
outdoor duties that may routinely contact contaminated medm w‘hde working at the site -

Determination of exposure pathways {5{1 x\\.\\
L

Potential exposure pathways were evaluated fo‘i‘* each receptor p?p:ﬂatlon by usmg
information regarding chemical source areas, ﬂmmcal release mechanisms (such as
volatilization to the ar), and the potentlal' of concht with the contaminated medmm
Examples of exposure pathways include direct mgggﬁon’of soil, inhalation of so1l particulates,
and ingestion of groundwater In addition, paﬁtways{or each receptor were determined to
be (1) potentially complete and significant, (2) poteﬂtall‘?‘complete but insignificant, or (3}
negligible or incomplete Only the ??RW\Ymt pathways will be evaluated

in the baseline HHRA o~

—\ 4
Determination_of exposure parameters

# ’6‘"—3

Exposure parameters { for cach pgtemmﬂycomplete pathway were determined for each receptor
population Exposure -parameters ‘dte-vedsonable estimates of vanables used in intake;
calculations, mcludmg body wexght daily ingestion rates daily inhalations rates frequency:
and duratlon of exp”‘gnfg, anﬂ {lﬂany& others

o

$ T

a

144 smgmry of OU6 Human Health Risk Assessment Model Descriptions (TM3) |

TM™M3 (DOE" 1994b‘)~promdes a description of groundwater, surface water and air modelmg '
conducted for OUS . Th,e objective of the modeling 1s to support the HHRA This will be '
ccomplished by sumulatxng the transport of chemicals of concen (COC) from ous to
otential exposure points for human receptors under present and anticipated future s:te i

onditions
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A conceptual site model (CSM) was developed to 1dentify and evaluate the chemical source
areas chemical release mechanisms environmental transport media, potential human intake
routes, and potential human receptors at QU6 The purpose of the CSM 1s to 1dentify human
exposure pathways to be quantitatively evaluated in the HHRA Exposure pathways chosen
for evaluation in the nsk assessment may require fate and transport modeling to estimate
chemical exposure point concentrations The following models were selected to meet the

requirements and objectives of the modeling study

. The ONED3 analytical model for groundwater contaminant fate and transport
Also, water balance analyses will support the ONED3 analyses

J The watershed/water quality model HSPF9 for surface water fate and transport

. The Superfund Exposure Assessment Manual (SEAM) Models for so1l gas fate
and transport, a box model for onsite ambient air contaminant fate and
transport, and Fugitive Dust Model (FDM) for offsite ambient air contaminant

fate and transport of QU6 source air emissions

Data available for use as input for the modeling activities were evaluated based on a review
of previous and ongoing investigations and general literature The data currently available

to esihmate model input parameters were also summanzed in TM3
145 Summary of OU6 Human Health Risk Assessment Chemicals of Concern (TM4)

TM4 (DOE 1994c) describes the selection process for determining COCs to be evaluated
quantitatively 1n the baseline HHRA for OU6 and presents the selected COCs for surface
so1l subsurface so1l groundwater stream and pond sediments and pond surface water Data
from each medium were evaluated on an OU-wide basis therefore the primary contributors
to risk in each medium became the OU6 COCs COCs include (1) metals and radionuchdes
that exceed the background range and could pose a threat to human health under assumed
exposure conditions and (2) detected organic chemicals and nitrates that are environmental
contamnants (1 e not naturally occurring) and could pose a threat to human health under
assumed exposure conditions The 1dentification of COCs helps to focus the efforts of the
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Ecological Risk Assessment, environmental transport modeling, and remedy selection A

summary of selected COCs for the QU6 sampled media 1s presented below
Pond < |
Surface  Subsurface ™ PFond Surface  Sircam
Soil Soil Groundw;ter; Sediment Water  Sediment
Chemicals of Concern
Aroclor-1254 N\\{\
Benzo(a)anthracene . 5 X
< ‘\ ":,,t;":’
Benzo(a)pyrene X < £ X iX
Benzo(b)fluoranthene X ;;“' X ? x
Bis(2-cthylhexyl)phthalate S /7 X -
. v
Di-n-butylphthalate ~. . X
- "-\3\ .
Indeno(1,2,3-cd)pyrene N X
Acetone ) T — "' X S
- ?‘\‘,\ T,
Chloroform N -~ /X X
7 ;
1,2-Dichloroethene L X ;
Methylene chlonde Rl . X
T A i
Tetrachloroethene .- - ¢ e X
A1 £ .
Tnchloroethene . {0 e S X X :
Antimony . - ~ ’X X
Banum - x\‘% X !
Cobalt -~ -~ s, X
Silver ‘ X X
Strontum . v )ﬁ
Vanadum  -_ "~ X X X
Zinc ~ X 7 X
Nitrate X ) ;
Amerncium-241 X X X X )(
Plutonium-239/240 X X X X X
Uramum-233/234 X
(4047-910-0025 $21) (R7 1 ) (9/22/95 936 amX1) 1 '28 ‘l
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—————————— A,
Pond

Surface  Subsurface Pond Surface Stream

Soil Sail Groundwater Sediment  Water Sediment

Uranium-238 X
Radium-226 X

Special-Case Chemicals

Vinyl chlonde X

Chemicals of Interest
Antimony
Arsenic

Beryllium

wox XN

Manganese

TM4 brnefly describes the environmental sampling and analytical program that determined
the data to be collected in each medium. TM4 also describes the process for reviewing
data used to identify the COCs that will be e\;ldated in the baseline HHRA In general,
the selection of COCs were based on the followxng critena

. Metals and radionuchides were compared to background levels using the
Gilbert methodology (Gilbert 1993) Those analytes not exceeding background
were eliminated from further consideration as COCs Those analytes
exceeding background were considered potential chemicals of concern
(PCOCs) unless geochemical ewvidence or a spatial/temporal comparison
demonstrated that the analytes were not different than background Four
metals (antimony arsenic beryllium, and manganese) are evaluated as
chemicals of interest (COIs) in groundwater and arsenic in stream/dry
sediments based on an IAG agreement COIs are evaluated in the

uncertainties section (Section 6 10 6)

. Organic chemicals and nitrates that were detected above laboratory reporting
hmits at a frequency greater than or equal to 5 percent were considered
PCOCs Organic chemicals detected at less than 5 percent frequency were
evaluated as potential special case COCs as described below
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. PCOCs 1n each medium were 1dentified as COCs if the mdividual PCOC
contributed more than 1 percent of the total potential nsk for the mediuin
based on the concentration/toxicity screens B

. Organic chemicals detected above laboratory r?emng limits at a frequencly
less than 5 percent were evaluated separately /Thé chemical wis identified as
a special case COC of the chemical hafa aximum concentration thdi,t
exceeded one thousand times (lOOO)_g)i the cal-specific nsk-baseiii
concentration (RBC) The RBCs usedfn.aﬂ!w comp. ni~were denved in the
Rocky Flats Plant Programmatic Proffipinary Remediation'Gaals (DOE 15_94«1)

.! ,s'

146 Summary of OU6 Human Heaith Rlsk Aa?lsment Toxicity Assessment ('l’MS)!

\\ g
TM5 (DOE 1994e) presents available toxxcny\factom(pr metals and radionuclides mchxded
in the sampling and analysis section {Section 7 0) o\ﬁhe\ 1 RFI/RI Work Plas for OUq
(DOE 1992a) and for all organic: ‘chemic ed in eﬁvnronmental média within OU6 g

Toxicity factors include EPA-venﬁedN ng\yj proved carcmogemc slope facto .
(SFs) and noncarcinogenic reference dbsesudneferenee air concentrations (RIDs and Rsz
respectively) EPA-venﬁed»«toxlclty fac@rs are available on-line in the Integrated Rlsk|
Information System (IRIS) (EPA 1’9953) or ctm;pnt year Health Effects Assessment Summary'\
Tables (HEAST) and supplemest (EPM&QAa) Provisional toxicity factors are supphed by|
the EPA 1in memoranda from the’E"vmnmental Cntena and Assessment Office T

The RfD and RfC are the pnnc:B&Mpdtces of toxicity for noncarcinogenic effects followmg
oral and nhalation exposures, respectively These toxicity factors are considered to be!
threshold doses below which adverse effects are not fikely to occur following hfetime |
exposure& "REDs and RfCs incorporate a number of safety factors to ensure that they' are
protective of human heﬂth including sensitive subpopulations such #s small children Oral !
RfDs were used td~evalﬂate toxic effects from dermal contact, where appropnate, when no
other chem:cal-specnf' ic information 1s available

3
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EPA policy assumes that any exposure to a carcinogen could result in cancer, regardless of
the dose Oral and inhalation SFs are used to estimate the upper-bound probability of an
individual developing cancer from lifetime exposure to a potential carcinogen and are likely
to overesimate nisk (EPA 1989a) Where appropnate, oral SFs were used to assess

carcinogenic effects due to dermal exposure

The EPA does not recommend the evaluation of noncarcinogenic effects of radionuclides
because the toxic effects are considered to be insignificant when compared to the carcinogenic
effects Internal SFs for ingested and nhaled radionuclides are derived by considering the
energy level of the radionuclide and the residence time of the radionuclide in vanous body
tissues External SFs for nisk from exposure to radionuclides through the skin, are
determined by the energy level of the radionuciide and the duration of external exposure
TMS also presents effective dose coefficients for radionuclides The dose coefficients are
used to estimate the radiation dose absorbed by an mdividual exposed to radionuchides in
OU6 The absorbed dose 1s then compared to the dose allowed by the EPA to determine if
the radiation emitted exceeds safe levels

147 Summary of Appendix I, Addendum No 1, Additional Pond Sediment
Investigations

During the Phase I RFI/RI polychlonnated biphenyls (PCBs ) were detected in sediment
samples from ponds in both series’ PCBs are common environmental contaminants released
from electrical generators and transformers where they are used for electrical insulation
PCBs are known to be toxic to both human health and the environment

The purpose of this document was to provide a preliminary evaluation of the potental
ecotoxicological nisks of the PCB-contaminated sediments in the Walnut Creek drainage and
to 1dentify additional sampling that may be needed to characterize those risks adequately
Risk characterization must be adequate to support remediation decisions for the OU6 IHSSs
This information was used primanly 1n the ERA, but was also incorporated into the HHRA
and Nature and Extent sections of this report
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14.8 Summary of the OU6 CDPHE Letter Report (Risk-Based Conservative Screen)

The CDPHE letter report presents the development of the Risk-Based Conservative Scre_Ln
and the delineation of source areas used to define areas of concem (AOCs) in QU6
f\

The CDPHE Risk-Based Conservative Screen was develpped’ to ‘support evaluation of
contaminant source areas performed by CDPHE T?; saQen 1s used to support the

identification of low-hazard areas that may warrant nufuﬁb\\uﬁeg\s::ble high haza:d

areas that may warrant potential early action, and tho$e.areas whi 3¢ be evaluated i 1_n
the baseline HHRA P " :

;’ £ :
£ £ i

!

The CDPHE Rusk-Based Conservative Screen m’cludes the following six steps ;
l

\
Step 1 Define PCOCs in surface so‘nh@ubsqrface soil, pond sediment, stream
sediment, pond surface:-water, and groi dwa.t,er
—~ "‘k

T t
|

Step 2 Identify contammantisgn}rge\a(pas ):gggﬂ ©on distribution of PCOCs !
% ) ‘s’ 4 5 2 h

Step 3 Calculate an RBC for ea:h ‘PCOC in surface soil, subsurface soil, pon4

sediment, ’sttzem sethment, phnq‘:surface water, and groundwater !
h""‘“ms.

Step 4 Calwlate\the frau'o mmnaxlmum concentration of each PCOC teo tha
correspondmg LBC sum the ratios for each medium in each source area.
TN ﬂ“‘\ -

Step 5 ’fpply CDPHE c:fiservatwe screen decision critena (defined in CDPHE 1994)

to the RBC ratio sums for each source area

Step 6 ) DeﬁneAOGs for the baseline HHRA based on source areas

T, !

. 5
e £

The AOCs are defined as one or several source areas that are in close proximity and can bei
evaluated as a unit in the HHRA In OUS, the AOCs were delineated based on the proximty |
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of the source areas and the media evaluated in those source areas A baseline HHRA wll
be conducted for each AOC, focusing on the area of maximum contamination (maximum
exposure area) within each AOC
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20
OU6 FIELD INVESTIGATION

This section provides a descrniption of the OU6 Phase I RFI/RI field investigation The field
investigation, conducted 1n 1992 and 1993 gathered data to evaluate the nature and extent
of contamination within the OU6 IHSSs if present to characternize the geology and
hydrogeology of the sites and to support an evaluation of the fate and transport of
contaminants for the baseline HHRA

A prnimary objective of the OU6 Phase I RFI/RI is to charactenize the nature and extent of
contamination in the so1l sediment surface water and groundwater within the 20 IHSSs 1n
OU6 These IHSSs are shown on Figure 13-3 The OU6 Work Plan (DOE 1992a), outhined
additional objectives and presented a FSP that defined field activities intended to meet the
objectives stated in the Work Plan A summary of the Work Plan 1is presented n
Section 141 An addendum to the Work Plan, TM1 (DOE 1992f), presented a reduced
scope of work for investigation at vanous THSSs. A discussion of the revision of vanous
IHSS boundaries and locations that resulted from the HRR (DOE 1992b) 1s discussed in

Section 132
A four-staged approach for conducting the field investigations was incorporated into the FSP
The four stages some or all of which were conducted at each IHSS are summanzed from
the FSP as follows

Stage 1 Review existing data

Stage 2 Conduct preliminary field surveys and screening activities

Stage 3 Conduct a field sampling program for soil sediment and surface water

Stage 4 Install monitoring wells and implement a groundwater sampling program
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Stage 1 consisted of collecting, reviewing, and analyzing existing data for each IHSS

including aenal photographs and site records Data from other operable unit mvestlgatxons

that became available following preparation of the Work Plan wete also compiled an

evaluated, 1f appropriate :

o~ |

Stage 2 involved preliminary screening activities, mcludmg radlanom surveys, a soil gas

' survey in the Triangle Area (IHSS 165), and an electromgg‘ﬁe%EM) survey at Trenches A[,
B and C (THSSs 166 1 - 166 3) SN o

Stage 3 consisted of Phase I sampling activites’ for soil, wdxmenNsurﬁce water
various IHSSs Soil borings were completcd md sampled at mine of the IHSSs for
characterization of subsurface conditions and~ conta.mmatxon These activities provndeﬂ
confirmation of the Phase I prehminary smen%ng‘datws well as aided the Phase I geologk
and hydrogeologic charactenization of the snt\\ ‘\
Stage 4 involved the nstallation &?mmhud/dluw%mMnng wells and two bédro

monitoring wells to characterize the@hlops\s_gmug of selected sites and to momtIk .
groundwater condiions beneath or downgfadmnt of specific OU6 IHSSs  As of the 4th

quarter 1994 four wells (758»92. 76792 7{7 l§2 and 77391) remamned dry and have th been
developed, of the remaxmngseven wells five \\{’ells (75092, 75292, 76192 76292, and 7749F1

were sampled after installahon anﬁ-sdouelnpment and two wells (75992 and 76992) wefre'

initrally dry and sampled at a lat% C
, !

-
Vf'l

Table 2 1-1 summarizes. thetypesmd numbers of field activities conducted during the 0U6

remen.
s,
. ‘_

Phase 1 mvestzgatlon S - : ;

;

21 fay'mymw OF OU6 PHASE I FIELD ACTIVITIES

The OU6 Phase I‘ﬁeld activities were conducted from the Fall of 1992 through the Spring
of 1993 As discussed above, field activites were conducted in four general stages ’l"hxs
section provides an overview of the field achwities and procedures implemented for epch
activity associated with the four-staged approach used in the Phase I field program

(4047-910-0025 S21)(R7 2)9/22/95 9 33 smX1) 2‘2



Field operations for the QU6 Phase I investigation were conducted in accordance with the
Work Plan (DOE 1992a) TM1 existing RFETS SOPs as contained in the Rocky Flats
Environmental Management Department (EMD) SOPs Volumel Field Operations,
Volume II  Groundwater Volume III  Geotechnical Volume IV  Surface Water
(EG&G 1992a) and the Environmental Management Radiological Guidelines ([EMRGs]
EG&G 1991a) In some cases, modifications were made to the Work Plan, TM1 or SOPs
The modifications were documented 1n Document Change Notices (DCNs) that explained the
nature of and rationale for the changes Table 2 1-2 summarizes the SOPs utilized for the
Phase I field investigation and Table 2 1-3 summanzes Work Plan and TM1 DCNs

applicable to this investigation

Field activies were conducted in accordance with the Site Health and Safety Plan (HSP)
(EG&G 1992b) As specified in the HSP radiation and volatile organic compound (VOC)
monitoring was performed during dnlling and monitoring well installation to avoid potential
personnel exposure and to initiate personal protection action levels In addition, the VOC
measurements were utilized as an indicator-of possible VOC contamination of the cuttings
and core and to identify intervals for sampling Radiation and VOC monitoring was
conducted in accordance with SOPs FO 15 and FO 16

Prior to the start of field activiies dnlling and sampling equipment was decontaminated at
the RFETS main decontamination factlity 1n accordance with SOPs FO 03 and FO 04 Hand
sampling and downhole sampling equipment was decontaminated between sampling events
and at the conclusion of the field investigation prior to leaving the IHSS Downhole dnlling
equpment (e g, hollow-stem augers, flightless augers, dnll-rods were decontaminated
between boring locations Dnll ngs were decontaminated between the IHSSs and at the
conclusion of the drilling program Prior to decontamination and before being released
offsite equipment was screened using a Ludlum 12-1a with 43-5 scintillation alpha detector
and a Ludlum 31 with a 44-9 beta detector in accordance with the EMRGs Smear samples
were also taken in accordance with EMRGs

(4047 910-0023 S21)(R™ 2(9/22/95 9 33 wmX(1) 2-3



211 Stage 1 Activities - Review Existing Data

Stage 1 activities consisted of reviewing the HRR (DOE 1992b), available aenal photos
existing momtoring well data, and surface water and stream sedimént data for each THSS
In general, Stage I activities were completed prior to perfonmn;-dge field work at each ITHSS

2.12 Stage 2 Activities - Preliminary Screeniug L.

2121 Radiation Survevs & TN

s

Ground-based radiation surveys employing HPGe  gamma-ray sensors were conducted fro
Apnl through June, 1993 at IHSSs 141, 1562And 1§§ (area outside the PA only) Thes¢
surveys were performed to evaluate whetlfér g“amg’m-emnmng radionuclides were present nh
/

surface soils at these IHSSs The germanium’ were spaced to provide overlappmg
coverage between stations for the purpose of obtamm frally 100 percent coverage. Thb
gamma-emitting radionuclides dem:ted zed to 1éentlfy the associated 1sotopes Thr
radiation activities and results of these sw‘“v‘éys wr sénted in Appendix Bl

Prior to sample collection ,each sample sue in OU6 with the exception of pond water and
wet sediment sample locanons, wsas screengd ?or radiation using a FIDLER or a Ludlurh
12-1A with an arr propomonai pmhgn,pccordmce with FO 16 The results of. thede
racdiation surveys were~ belew b"”‘kgmum’l levels for all sites, and are summanzed m
Appendix B2 ~ 4 :

-, =,

=,
T “

2122 Sol GasSurvey o

A real-trme sail 8as survey was conducted over the Trniangle Area (IHSS 165) to evaluate
whether VOCs were present 1n subsurface soils and to atd in the siting of boreholes Sonl ghs
samples were colleeted usmg expendable pomnt samphing probes The expendable points wei'e
hydraulically dniven into the subsurface with 1-inch diameter probe rods Once the ponht
reached the interval of interest, the rod was shightly retracted for sampling Polyethylepe
tubing was then attached to the probe rod and a vacuum was drawn to collect soil gas frogm
the interval of interest The so1l gas was collected 1n a 500 milliliter (ml) glass sample bdlb
with teflon valves and a teflon coated septa port at 1ts center Once the sample was collected

(4047.910-0025-521)R7 2X(%22/95 9-33 sm)(}) 2'4




in the bulb, 1t was then analyzed using an onsite gas chromatograph The soil gas samples
were analyzed within four hours of collection

Between collection of each soil gas sample the downhole equipment was decontaminated
with a soap (liquinox) wash and nnsed with distilled water New 60 ml syringes and new
polyethylene tubing were used for every soil gas sample The 500 ml glass sampling bulbs
were purged with high grade helium vapor for 1 minute prior to sample collection and a new
teflon coated septa port was used between each sample

An onsite Hewlett-Packard 5890 Series II gas chromatograph with a 75 meter by 0 53
millimeter (mm) internal diameter (ID) volatiles column photoionization detector and an
electron capture detector (PID/ECD) were used to perform modified EPA methods 8010 and
8020 analyses of soil gas samples The target analytes included acetone chloroform,
1 2-dichloroethane (1 2-DCA) methylene chloride, toluene trichloroethene (TCE),
2-butanone, and tetrachloroethene (PCE)

The soil gas survey at THSS 165 1s discussed further in Section 225 The results of the
survey are presented in Appendix B3

2123 Geophysical Survey

A geophysical survey was performed mn the vicimity of IHSSs 1661 1662, and 1663
(Figure 2 1-1) to help delineate the locations and lateral extent of suspected bunal trenches
identified duning aenal photograph review (Stage 1) The geophysical techmque employed
was an EM survey The EM survey measured conductivity vanations between native soils
and possible disturbed backfill matenial using a Geonics EM-31 ground conductivity meter
The interpretation of the results of the EM survey, in conjunction with field observations of
ground surface features were used to select the location of soil borings for the purpose of

sampling suspected trench matenal

Boundaries for the EM survey were located by plotting bearings and distances from
identifiable landmarks observed on aerial photographs and available maps Upon locating
these landmarks 1n the field traverses were made using a Brunton compass and measuring
tape to lay out baselines for the EM survey gnds The 1dentified baselines were then used

(4047 910-0025 5 1)(R7 2)(9/22/95 9 33 am)X(1) 2'5
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to establish grid penmeters that were marked with survey pips located at 10-foot intervals;

along the penimeter lines The intenors of the gnds were then marked at 10-foot mtervals;;
- |

using survey pins Data collection points within the gnds were 1dentified by a survey pin 1
|

>

Two EM survey gnds were established to cover the trenches m;hg three IHSSs The largestJ
gnd (Gnd A) included the westernmost suspected trench logmoﬁs and a smaller gnd (Gnd
B) covered the suspected easternmost trench 1n IHSS 1668 {

\
The EM survey data were collected using a station spnuré of 10 fent oves. each gnd area and )

.

recorded by digital data logger Data were collectedmn both the honm\;hlmd vertical dppol#
modes, providing penetration depths of up to 9feet and 18 feet, respectively Data plottmé
and contouring was accomplished using Geasoﬁ‘ computer software Data mput mcluded
the raw data, the grid spacing, and the contou'hmtervj The EM survey method and. ﬁeld
program are summarized in Appendix B4 1 ‘Fkgconducﬂvuy contour maps are presenteoﬂ
in Appendix B4 2 Anomalous z:ones identified on these plbts were interpreted to define: areajs
of suspected past trenching actw:ty SecWerﬁlscums the EM survey work dt

i i

THSSs 166 1, 166 2, and 166 3 \ ‘- o

21.3 Stage 3 Activities - S%Mimiqt, ind Surface Water Sampling

2131

T i

Soil borings were dnlled at sefected OU6 IHSSs, where access was feasible Subsurface soml
samples were collected and analyzed o charactenze the waste matenals remaming In placp,
and to assess contaminant concentrmons in the alluvium and bedrock matenals dlrectly
beneath the sites The specific soil borings dnlled in each THSS are discussed further in
Section® 2,2 and site location survey data are contained in Appendix C1  Soil cords
referenced 1n THSS 165 werre dnilled in the same manner as so1l borings as discussed below

Soil borings were adﬁa‘hced using 3-1/4-inch ID hollow-stem augers, 1n accordance wni) SCj)P
GT 02 Bonngs dnlled within IHSSs were generally dnlled through alluvium or in sori're
cases through fill matenal into undisturbed soil or bedrock Samples were obtained gsnnj a
3-inch ID spht-spoon sampler with a stainless steel hner for VOC sample collection | VdC
continuous samples were collected throughout the entire borehole depth for lithologic loggnixg

(4047-910-0025-521XR 7 2)(9/22/95 933 am)(1) 2’6
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purposes in accordance with SOP GT 02 Lithologic samples were classified 1n the field and
a prelimnary borehole log was completed by the ng geologist using the Unified Soil
Classification System (USCS) in accordance with SOP GT 01 If groundwater was
encountered, the depth it was first encountered during dnlling and the water level at the

completion of dnlling were recorded on the borehole log

Samples collected for lithologic logging purposes were placed in core boxes and retained for
detailed logging by the project stratigrapher In IHSSs 143 156 2 165 166 1-3, 167 1, and
167 3 sieve analyses were conducted on selected so1l samples to provide information on grain
size distribution Lithologic logs of the OU6 Phase I borings are provided in Appendix C2

Results of the grain size analyses are discussed in Section 3 9

Samples were also collected from the boreholes for chemical analysis Figure 2 1-2 illustrates
the typical sampling scheme for collection of chemical samples from soil borings Discrete
3-inch by 2 5-inch samples were collected in stainless steel liners at approximate 4-foot
intervals and submutted to the laboratory for VOC analyses as required by the Work Plan on
an IHSS-specific basis For those boreholes that penpﬁated the water table a discrete sample
for VOC analysis was collected from the base of the first drive sample below the depth where
saturated soi1l was encountered. For those boreholes that penetrated bedrock, a discrete
sample for VOC analysis was collected from the base of the first drive sample within bedrock
immediately below the overlying unconsolidated material In addition a discrete sample for
VOC analysis was collected from any matenal exhibiting an elevated organic vapor monitor
(OVM) reading staining, discoloration odor or any other anomaly indicative of potential
contamination In addition to the discrete samples, composite samples were collected 1n
borings at various frequencies according to the Work Plan and submutted to the laboratory for
semivolatile organic compounds (SVOC), metal, pesticide, polychlorinated biphenyls (PCB),
and radionuchde analysis If sandstone was encountered beneath the alluvium, the composite
boring sampling continued until claystone bedrock was encountered VOC and composite
boring sampling 1s discussed on an IHSS-specific basis 1n Section 2 2 of this report

Following removal from the borehole the split-spoon sampler was opened and the core was
screened for radiation and VOCs using a Ludlum 12-1A and OVM respectively The VOC
stainless steel hiner was then removed from the sphit spoon sampler capped with Teflon™
tape and plastic caps, sealed with black electrical tape, labeled, sealed in Ziploc™-type bags

(4047-910-0025 S2U)(R7 2)9/22/95 9 33 wmX1) 2-7



' and placed 1n a cooler with ice Following removal of the VOC stainless steel liner, the split-

spoon sampler containing the remaining sample was closed and placed in a location out oé
the sun After the approprniate number of samples were collected from a borehole !
described by the Work Plan, a composite sample was prepared Composite sample matenj
consisted of a mixture of scrapings from cores from consecuttvg~dniling intervals after 1t h

been peeled in accordance with SOP GT 02 Composite SI{l es were then placed in thé

| appropnate labeled sample containers, and the containers y 4 laced 1 bags in a cooler w:tl?

ice Spht-spoon samplers were decontaminated betwem MNW runs. |

For each sample submitted for chemical analysis, 4 vorresponding: ndMncal screen (RAID
screen) sample was collected RAD screen sgﬁ;p&s were collected to analyze rad:olagxcqi
levels to ensure that potentially radioactive ay‘lytxcal samples were handled and shxpped
appropnately as outlined in SOP FO 18 'ﬂne k@sm samples were shipped offsﬂe and
analyzed before the corresponding analytical smnplei\we?e shipped offsite : .

‘\

Subsurface soil samples were shxpéew\?‘ analysis Table 21-41sa matdx
that shows the analytes or analyte gr&;?fpr subsurface soil samples collected from tl're
vanious THSSs Discrete samples werg amﬂyzed for Target Compoamd List (TCL) VOC]s
Composite samples were analyzed for ancu@ analytes or analyte groups depending pn the
IHSS m which they were cotiected Table:2 t>5 hists the specific analytes associated wxﬁ:
each analyte group ufmed to;on*?oble.&}—l and Table 2 1-6 hists the sample contameqs
sample preservatlon, md sampl“h‘ul'dmg ‘mes for the samples Analytical results fbr
subsurface soil samﬁig ana{yses are presented in Sectton 45 and are tabulated in
Appendix D2 ST T e L

poe—— T e
- he «

Quahty zéoﬁfrol (QC) pt&ceaurw were followed 1n the field for subsurface soil samplmg in
accorda*nce wuh the EMD SOPs, the RFP Site-Wide Quality Assurance Project Plan (DQE
1992g), and the p:g;eet-specnfic Quality Assurance Addendum (DOE 1992h) Field QC
samples mcluded %q;upment ninsates, duplicates, matnx spike/matnix spike duplicates, and lab
replicates for radionuclide analysis Table 2 1-7 summanzes the QC sample types and sample
collection/analysis frequencies for the QC samples QC sample analysis results are dxscuséed
in Sectton 42 3 and Appendix E  © :

(4047-910-0028-521)(R7 2)X572295 9 33 sm)X(1) 2-8
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2132 Surface Soil and Dry Sediment Sampling

Surface soil and dry sediment samples were collected in OU6 using the RFP sampling method
in accordance with SOP GT 08 surface sotl sampling This method consisted of dnving a
stainless steel cutting tool (Fig 2 1-3) S centimeters (cms) into undisturbed soil The sample
within the tool cavity was then collected using a stainless steel scoop and placed 1n a stainless
steel sample container for composiing Under the RFP method, 10 subsamples were
collected for compositing from the corners and the center of two, 1-meter squares, spaced one
meter apart After the 10 subsamples were collected, a representative composite sample was
obtained 1n accordance with SOP GT 02 Sampling equipment was decontaminated between

composite locations

After compositing was complete the sample was then placed in the appropnate labeled
sample container and the container was placed n a plastic bag 1n a cooler A RAD screen
sample was collected for each location RAD screen samples were collected to analyze
radiological levels to ensure that potential radioactive analytical samples were handled and

shipped appropnately

Surface soil samples and dry sediment samples were shipped offsite for chemical analysis

Table 2 1-4 1s a matnx that shows the analytes or analyte groups for surface soil samples and
dry sediment samples collected from the various IHSSs Composite samples were analyzed
for various analytes or analyte groups depending on the IHSS in which they were collected
Table 2 1-5 lists the specific analytes associated with each analyte group referred to on
Table 214 and Table 2 1-6 lists the sample containers, sample preservation, and sample
holding times for the soil and dry sediment samples Analytical results for surface so1l and
dry sediment sample analyses are presented i Section 4 4 and are tabulated 1n Appendix D1

QC procedures were followed in the field for surface soil and dry sediment sampling as
descnibed for subsurface soils in Section 2131 Table 2 1-7 summanzes the QC sample
types and sample collecton/analysis frequencies for the QC samples QC sample analysis

results are presented in Appendix E

(4047 910-0025 521)XR7 2)(9/22/95 9 33 sm)X1) 2‘9



2133

Stream sediment samples were collected using a 2-inch diameter core sampler with a ,hand;
dnver, in accordance with SOP SW 06 The matenal collected was sieved in the ﬁeldéwnli:
a 12-inch diameter brass sieve (#10 mesh) and then compositedby mmxing, quartering; and
mixing again Samples were then placed in the appropnate}lﬁg}éd sample jars The sampl
contaners were placed in plastic bags m a cooler with ice Handling and shipping of samyl
were 1n accordance with SOP FO 13 The sampling eqmpmeﬂt\\y’ g‘gontammated beﬂweel!i

e .
sample locations V N
; o, Vi\i

-
s

Pond sediment samples were collected in acco;dan’ée with SOP SW 06 Core samples‘wet
collected with a 2 5-inch diameter polyureﬁape tuhe\ that was pushed into the sediment
These core sediment samples were hthokxgncallg lggged m accordance with the USC!
(SOP GT01) Hand dredge samples were c&!cgteﬁ\when sufficient sample could not be
obtained from core sampling Boﬁr core and dredge‘sedlment samples were composmd bb
mixing, quartering, and mixing agam mW;laced mn the appropnate llbeled
sample containers The sample cont r;;rs\et w in plastic bags 1n a cooler wnlh

ice Handling and shipping of sample&wm oonducted in accordance with SOP FO 13

B 2

‘,. 3
._,g-"“*—*‘ \ 5‘

For each sediment sampte xcorrespondmg RAB screen sample was collected, as outlmed in
SOP FO 18 to analyze radnologacai-lwels.pnor to handling and shipping the con'espondmg
potentially radxoactive hnglyﬁca} saniptes— :

s._ ¥
-

Stream and pond’ ""e“dim:nt smplekwere shipped offsite for chemical analysis Table 2 1:4
provides &eratowmwcd rrainx that shows the analytes or analyte groups for stream
and pond sediment samples collected from the various IHSSs Composite sediment samplcs
were analyzedfor various analytes or analyte groups depending on the THSS which they
were collected Table 2 1<5 hists the specific analytes associated with each analyte’ group
referred to on Tab‘h2 144 and Table 2 1-6 hsts the sample contamers; sample presewat:dn
and sample holding times for the stream and pond sediment samples Analytical results for
stream and pond sediment sample analyses are presented in Section 4 8 and are tabuhtedlm
Appendix D4 li

(4047-910-0025-S21)R7 2X922/95 933 wm)(}) 2-10
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QC procedures descnibed for subsurface sotl sample collection (Section 2 1 3 1) were also
followed 1n the field for stream and pond sediment sampling Table 2 1-7 summarizes the
QC sample types and sample collection/analysis frequencies for the QC samples QC sample

analytical results are presented in Appendix E

Stream and pond surface water samples were collected in accordance with SOPs SW 03 and
SW 08 respectively Stream samples were collected during baseflow and storm event
conditions In general flumes are located at stream sampling stations Stream samples were
generally collected from the center of the flume by submerging a stainless steel or Teflon™
sampling container just below the water surface and allowing the container to fill While the
sample container was being filled, care was taken to minimize disturbances 1n the stream bed
Following collection the water sample was transferred to the appropnate labeled sample
containers, which were then placed 1n a cooler with ice Stream flows were measured
immediately after water sample collection by reading the gauge height on the flumes If
sampling took place at a location without a permanent flume, stream flow measurements were
taken using either a portable flume a bucket and stopwatch or a pygmy flow meter Field
parameter measurements (e g temperature spemﬁ§ conductance, pH) were then taken 1n
accordance with SOP SW 02

Pond surface water samples were collected either from shore using a stainless steel dipper or
from a boat using a Teflon™ bailer Again the samples were transferred to appropnate
labeled sample containers which were then placed 1n a cooler with ice

Stream and pond surface water samples were shipped offsite for chemical analysis
Table 2 1-4 provides a taboratory analytical matnix that shows the analytes or analyte groups
for stream and pond surface water samples collected from the vanous IHSSs Table 2 1-5
lists the specific analytes associated with each analyte group referred to on Table 2 1-4, and
Table 2 1-6 lists the sample containers, sample preservation and sample holding times for the
stream and pond sediment samples Analytical results for stream and pond surface water
sample analyses are presented in Section 4 7 and are tabulated in Appendix D4

QC procedures described for subsurface so1l sample collection (Section 2 1 3 1) were followed
in the field for stream and pond surface water sampling Table 2 1-6 summarizes the QC

{4047-910-0025 S21XR7 2)X9/22/95 9 33 am)(1) 2' 1 1



2134 So1l Profiles

i
e

sample types and sample collection/analysis frequencies for the QC samples QC sample

analytical results are presented in Appendix E 1
oo

f"*\

Three soil profiles (pits) were excavated, described, and ,Sach to assess the vertical
distribution of plutonium and americtum tn the soils Thede p}t{ were located in IHSSs:165,
167 3, and 216 1, with specific site details provnded m S \2.% The soil pits werq
excavated in undisturbed or minimally disturbed slta,;whlch are\ct\l:masenzed by natumi
short grass prairie, pasture and valley side vegpmon (Clark et al, 1980) The soil p1

locations were determined using aenal photoyhphs soil and topographic maps, and
radiologrcal field surveys Soil samples from the threc\plts wetre collected using a modlﬁed
trench method in accordance with SOP G’RO‘i‘ 5

214 Stage 4 Activities - Memto;p:g Well lnst\;]htki\on-ﬁand Groundwater Smplﬁng

2141 Mﬂm — -

Monitoring wells were mstglbdﬁ,g\ accordh.pcegmth SOP GT 06 The typical constructlon fdlr
the monmitoring wells 15 shom in Figure Z.I-i In a few cases, monitoring wells. were
completed 1n boreholcs dnlled aspmof.tthuge 3 activities In general, momtoring wel!s
were mitially dnlled usmg 3-1/4ici 1D-hellow-stem augers as described n Section 2,13 |

Prior to well mstallatton, the honngs were reamed using 6-1/4-inch ID hollow-stem augors

Monitoning welis""?ﬂhen‘caglfihted inside of the 6-1/4-inch ID augers prior to removal qf
the augers. Wﬂl screeiis canslste'&fof 2-inch ID Schedule 40 polywnyl chlonde (PVC) pxpe
with 0 OI-mch machined siots Nonslotted (blank) Schedule 40 PVC rniser pipe was mstalled
above the. scregned interval and was used for a sediment sump below the screened mterval

A filter pack sqnsrsnng ‘of 16-40 silica sand was placed around the momitoring well screen

A bentonite seal Wns&pln:ed on top of the filter pack to seal the screened interval from the
rest of the borehole annulus Following placement of the bentonite seal, the remainder of the
borehole annulus was grouted to ground surface Monitoring well mstallation mformatxongls
summanzed in Table 2 1-8, and construction logs are shown in Appendix C2 for eaph
monitoning well The location and specific details of the monitonng wells drilled during the
OU6 Phase I investigation are provided in Section 2 2 '
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The above-ground completion details of the monitoring wells are depicted in Figure 2 1-5
Vented caps and vented, lockable steel casings were installed for each monitoring well In
areas of heavy vegetation or traffic, 3-inch diameter steel guard posts were installed around
the monitoring wells at a distance of approximately four feet radially from the surface casing
Protective steel casings and guard posts, when installed, were painted with pnnmer and enamel

paint suitable for outdoor exposure

2142 Monitoring Well Development and Groundwater Samphng

Following installation groundwater monitoring wells were developed and sampled under the
RFETS site-wide groundwater program Momtoring well development was conducted 1n
accordance with SOP GW 02 and groundwater sampling was conducted in accordance with
SOP GW 06

Groundwater samples were shipped offsite for chemical analysis Table 2 1-4 provides a
laboratory analytical matrix that shows the analytes or analyte groups for groundwater
samples collected from the various IHSSs Table.2 1-5 hists the specific analytes associated
with each analyte group referred to on Table 2 1-4 and Table 2 1-6 lists the sample
containers sample preservation, and sample holding times for the groundwater samples
Analytical results for groundwater sample analyses are presented in Section 4 6 and are
tabulated in Appendix D3

QC procedures followed 1n the field for groundwater sampling were those included in the
RFETS site-wide groundwater program QC sample analytical results are presented in
Appendix E

215 Additional Phase I Investigation Activities

21581 Site Numbering

Tables 2 1-9 and 2 1-10 hist the RFETS-assigned site numbers and corresponding survey
coordinates for sampling sites in QU6 To differentiate the type of medium sampled at a site
a prefix was assigned to all sites except borings and wells The RFETS-assigned site
numbers do not distinguish boring sites from monitoning well sites (e g there 1s no BH or
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MW prefix) All sediment sample sites (1e, dry, pond and stream sediments) were
~ designated by a "SED" prefix in the site number Surface soil sample sites (also known as
soil scrapes) were designated by a "SS" prefix in the site number Surface water sample sntes
(1 e, baseflow, storm event, and pond water samples) were assigned a "SW" prefix in the sm%

number ~
i F
g:—.’ ,!i
2152 Engn u m {
;"i EaN &A"—l_
f ::’ \
Pnior to performing screening surveys, dniling andbr,. surface smhng, the specifi¢

sampling points were approximately located 1n theaﬁeld relative to know{landmarks usin
a compass and pacing method Following the dﬂlhng of soil bonings and installation oﬁ
monitoring wells, location coordinates and e!’eutxon&were surveyed to a mimmum relatwb
accuracy of 0 1 feet honzontally and 0 01 fqu vk(l_chliy’ by an engmeering survéyor and wer,e
reported 1n State Plane Coordinates For honzohtal coqgrol the surveyed point was enther thle
center of the borehole marker or the center of \m.tonng well casing cap ‘I'hrele
elevation measurements were takan for n nmmw;g wells™ the ground elevation, the top qf
the well casing and the top of the pm{em tream dry sediment, and pond sampqe
locations, although not surveyed, werqmeaswed from known landmarks using measurm,g
tapes and compasses Surfaco—sqnl samplmg pomts coinciding with a borehole or momtonnlg
well location shared survey‘ébordmates Loc/guon coordinates for each sample collectwln
point are listed in Taﬁles 21-9 artd-2-1.10. Elevations for momtoring wells are listed qn
Table 2 1-8 All snrvey‘.data ueMd in Appendix C1 |

s : |

2153 Wx
£ - P»“'-n ) Y

.

Field and laboratory data collected duning the Phase I field investigation were mcorporat¢d
into the Rocky F lats Environmental Database System (RFEDS) The RFEDS 1s used ta traok
store, and retragve prolect data Data were input to the RFEDS via diskettes subsequent !to
data validation as\outlmed in the Environmental Restoration Program (ERP) Quah;ty
Assurance Project Plan (QAPyP) and SOP FO 14 (Field Data Management) Hard copy
reports were then generated from the system for data interpretation and evaluation
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2154 Surface Geologic Mapping and Seep Field Identification

In addition to the field investigation activities described earlier, surface geologic mapping and
seep 1dentification activities were performed to aid in the geologic and hydrogeologic

interpretations for QU6

Previously published interpretations of surface geology were used to assist in geologic
mapping where possible Aenal photographs were also used to identify geologic contacts,
geomorphic features, historical changes in landscape, and the presence of past man-made
features and activities

Surface geologic mapping within QU6 was performed during January 1994 Field mapping
was performed using 1 3600 scale base maps Geological contacts were plotted onto base
maps using standard field methods descrnibed in-Compton (1962) Field mapping to identify
groundwater discharge (seep) points within OU6 was performed on January S and 6 1994
Mapping of seep locations was performed using 1 3660 scale base maps The extent and
shape of vegetated areas associated with groundwater seepage were recorded on base maps
using methods similar to those used for geologic mapping The results of the field mapping
activities are discussed 1n Section 3 5

22 SUMMARY OF FIELD INVESTIGATIONS BY IHSS

The Phase I field investigation activities completed 1n each of the OU6 IHSSs are descnibed
in this section The activities performed 1n each IHSS may have involved some or all of the
four stages previously discussed in Section 2 1 For the purpose of consistency the following
discussion maintains the stage numbering discussed 1n Sectlon\z 1

J Stage 1 - Review existing data

o Stage 2 - Conduct preliminary field surveys and screening activities

. Stage 3 - Conduct a sampling program for soil, sediment and surface water
] Stage 4 - Installation of groundwater monitoring wells and implementation of

a groundwater sampling program
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The stage numbering presented in the following sections may not match stage numbers
assigned in the Work Plan for particular IHSSs due to the use of the sequential nnmbenng
method for the stages in the Work Plan

Unless otherwise noted below, field activities at each THSS were conducted 1n accordanc#
with the Work Plan and/or TM1 Deviations from the Wo;k Pl&x or TM1, 1if they occurrec*,
are reported in the discussion for each THSS f \

221 Sludge Dispersal Area (IHSS 141) <& .

The Sludge Dispersal Area (IHSS 141)1s appx;gxlnately 67,000 sq ft in areal extent and h¢s

along the eastern penmeter of the secung afea QQRFETS (Figure 22-1) A detanldd

description of IHSS 141, including mstmlafbdgéﬂyft:es, 1s presented 1n Section 1 3.2 1

Investigation Stages 1 through 4 were conducted aMNI A summary of the proposd;

and completed Phase I mvest:ga{xm’*mss 141 ls‘ﬁ:resented on Table 2 2-1 and 1S
—

)

discussed below e

Stage 1 - Review ng , \ ‘

;2"‘"‘1; II

A review of the HR& (DOE 19925).,.and aenal photographs provided information on
incidences of sludg ove(ﬂow anﬂ?‘!persd at IHSS 141, and was used to revise the boundqry
for THSS 141 (anure‘z.z l) . ' g

e "‘ N H
e Ty - o i |
. - :

Prior to colféenon of surface soil samples at IHSS 141 as part of Stage 3 (discussed beloYv)
a 17-point FIDLl\:Rga&anan survey was performed for each surface soil sample loca.txon (ﬂie
surface so1l samplas were collected on a 25-foot gnd) As provided for n TM 1, thls survey
was performed as an “alternative to the germanium survey specified in the Work Plan No
anomalous radiation readings were detected in JHSS 141 dunng the FIDLER survey Det&uls
of the procedures for the 17-point FIDLER radiation survey are presented in the EMlle
(EG&G 1991a)
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In addition to the FIDLER radiation survey a germanium survey was conducted over
THSS 141 from Apnl 22 to June 3, 1993 This survey was conducted after the Stage 3 soil
sampling activities were completed in IHSS 141 Figure 2 2-2 shows the survey points used
for the germanium survey The germanium survey 1s briefly discussed 1n Section 212 1 and
the results of the germanium survey are presented in Appendix Bl

Stage 3 - Surface Soil Samphing

The Work Plan specified that surface soil samples be collected to a depth of 5 cm (0 2 feet)
on a 25-foot gnd spacing over IHSS 141 according to the RFP method, described in SOP
GT 08 Surface soil samples were also to be collected from areas of anomalous radiation
readings located during the radiation survey

Surface so1l samples were collected on a 25-foot grid spacing, except in areas with existing
roads or buildings as specified in the Work Plan (Figure 2.2-1) Surface soil samples were
collected using the procedures discussed in Section 2132 A total of 40 surface soil samples
were collected (Table 2 1-4) No surface soil sambles were collected in gravel or asphalt-
paved areas or beneath buildings Since no anomalous radiation readings were detected
during the FIDLER radiation survey, no additional surface soil samples were collected

Surface soil samples from IHSS 141 were analyzed for the parameters shown on Table 2 1-4
and 2 1-5 Laboratory analytical results are presented in Appendix D1 and are discussed n

Section 44 1

Stage 4 - Monitoring Well Instaltation, Development, and Sampling

One monitoring well, 75992 was installed to collect groundwater samples from the
colluvium The monitoring well installation procedures are discussed in Section 2141
Monitoring well 75992, located east of the southeast corner of IHSS 141 (Figure 2 2-1), 1s
iIn an apparent downgradient position relative to IHSS 141, based on a review of
hydrogeologic conditions at the site During the driiling of momitoring well 75992 colluvial
matenial was encountered overlying claystone bedrock Colluvial material lies within the
same hydrostratigraphic umit as Rocky Flats Alluvium The colluvial/alluvial
hydrostratigraphic relationship 1s discussed in detail in Section 3 6 of this report The well
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encountered the top of bedrock at 10 feet and extends to a total depth of 15 5 feet The[well;
1s screened 1n colluvial matenal from a depth of 5 feet to 10 feet. ‘Well mstallation am‘
development procedures are discussed in Sections 2141 and 2142 Monitoring . wel
installation information 1s summanzed in Table 2 1-8 and presented in Appendix C2 1 Smcj
the bedrock unit underlying the colluvium was not sandstone, a,qutock monitonng well waT
not installed at this location ;f :

£
S #

1 -
Well 75992 was mitially a dry well following mstallatloﬁ, }ro%)e\r\hps since been developed

and sampled in 1994 \5_,« \\\\\

Deviations from k P ! 4
»f d “;: :
; A N i
. No alluvial material was eneoun'!uegt lmﬂie dnlling of monitoring well bonng
75992 The monitoring well \Mis msgalled and 1s screened n colluvuuh
(Table 2 2-1) N
. j&’\‘w,‘g‘_ ) S

X

l
222 A and B-Series Ponds (mssshm% 429), W&I Pond (IHSS 1412 12’)
and Walnut Creek Dmnages{Nm-mSS) T
— Y : ?
The A and B-Series and W & 1 Pends (IHSSs 342 1-9 and 12) are located within the. South
Walnut Creek and North Walnut Creekdmg;gs (Figure 1 3-3) Detailed descniptions of t*e
pond IHSSs, including pond capaclﬁes-m presénted wr Sections 13 23 through 13.2 5
Investigation Stages 1, 3 and 4" wg}re conducted for this IHSS group A summary of qre
proposed and completed Phase Ivnvest:ganons at IHSSs 142 1-9 and. 12 1s presemed bn
Table 22-1 and 1s discussed below

T

Stage 1 - liev;gwﬂ;n_sg_r_\g;_ggg ,,

A review of the RFETS site-wide surface water and sediment monitonng programs in ‘zhe
Walnut Creek drainages was performed to assess potential overlap with the OU6 Phase I ﬁfeld
program at IHSSs 142 1-9 and 12 Based on this review and consultations between EG&G
DOE, CDH, and EPA, stream surface water and stream sediment sampling locations sf:ecxf:ied

in the Work Plan were replaced by exising RFETS monitoring program sampling statu}ns
(4047-910-0023 S21)(R7 2(922/95 9-33 am)X(1) 2" 1 8

- =
il T - w ed B s o= N




along the Walnut Creek drainages and the major tnbutanes to Walnut Creek (see TM1)
Pond surface water and pond sediment sampling locations however, did not change from
those stated in the Work Plan In addition as specified in the Work Plan the report entitled
"Trends 1in Rocky Flats Surface Water Monitoring" (DOE 1986¢) and other data pertaining
to the ponds were transmitted by DOE to the EPA and CDPHE

Stage 3 - Surface Water and Sediment Samples

Surface water samples and wet sediment samples were collected from each of the four A-
Series and five B-Sernies Ponds, and the W&I Pond, as summanzed in Table 2 2-2 and shown
on Figures 2 2-3 through 2 2-12 In addition, dry sediment samples were also collected in
the upstream areas for each of the A and B-Series Ponds Surface water and sediment
sampling procedures are discussed in Sections 2.132and 2133

A total of 51 composite surface water samples were collected from the A and B-Senes Ponds,
and the W&I Pond The composite sample was collected through the entire vertical water
column Five surface water samples were collected from each of the ponds (50 total), with
one additional sample collected from the deepest part of Pond B-2 (SW62892) At surface
water site SW62892, a stratified layer was detected at 4 5 feet therefore a sample was taken
above and below the 4 5-foot depth Water sampling points at each pond shown on Figures
2 2-3 through 2 2-12, were selected by the following critena

. One composite sample collected from the deepest part of the pond

. One composite sample collected near the influent of the pond

. One composite sample collected near the effluent of the pond

. Two composite samples collected from randomly selected locations in each
pond

A total of 57 wet sediment samples were collected from the A and B-Series Ponds and the
W&I Pond One composite sediment sample was collected at each sampling site, unless the
sediment thickness was greater than 2 feet in which case an additional sample was collected
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below 2 feet The wet sediment samples were collected at five sampling points 1n each pond§

as follows
. One or more composite samples (depending on the depth of sediment) from|
the deepest part of the pond o~ '
. One composite sample near the influent of’ﬁ;e 4

£ P

F 5
s 7

. One or more composite samples (dependﬂ:g on the
each of the three randomly selecto;d’ lgcatwns m the pond- |

;.

In addition to the composited wet sedlment sampleg\‘colleeted for laboratory analysis, a
separate set of sediment samples were collecgeﬂv{j cu{ vertical intervals from the seMent

core taken in the deepest part of each pond a radiation screen was performed on
these sediment samples using a FIDLER The resuhs{ro the gamma radiation screemné

"’"\
are summarized in Appendix BS ¢ \ g

A 7 w{‘

The randomly selected pond surface \gxev and sediment sampling locations ‘were locatali
using a random number ge}euhon approéch ,The first step 1n this approach was to estlmate
pond surface areas basedtonienyneenng wwqy)am or field mapping The esttmated surface
area of each pond was }ﬁen gndded-«sxn&a 5-foot by 5-foot gnd spacing, and a umqu.e
numeric desngnatlon was assxgned'?’"!mch—gnd square The random sampling locations wel‘e
then selected based on ﬂrq_gnd:square designations output from the random number generator
Three random si1eswi wereselébtgdfo( each pond (Figures 2 2-3 through 2 2-12) The first twp
random sites sef/;;‘ for. each pon‘d ‘were used for both surface-water and sediment samplmg
The thlr;{ random site selected for each pond was only used for sediment sampling

In addmon to~the Wet sedlment samples, two dry sediment samples were collected from the
upstream areas of eqch K and B-Series Pond The dry sediment sample locations (18 total)
are shown on Figures 2 2-3 through 2 2-11 i

In addition to surface water and sediment sampling within the pond IHSSs, stream éurfa;e
water and sediment sampling was also conducted 1n the Walnut Creek drainages (nonf-IH$S

areas) during two sampling events During the first event in Apnl 1993, one set of surface

(4047 510-0025-521XR7 2)(9/22/95 933 amX1) 2-20




water samples was collected to assess stream base flow conditions A second set of surface
water samples was collected during a spring storm event on May 17 1993 to assess storm
event conditions The stream sediment samples were collected in May 1993 Figure 2 2-13
shows the sites where stream surface water and sediment samples were collected The stream
sampling sites were jointly selected by DOE, EG&G, CDPHE and EPA as discussed in
TM1 A majonty of the sampling sites are existing stations presently monitored under either
storm water monitoring programs or the RFETS site-wide monitoring program  Survey
coordinates for stream sampling sites are presented on Table 2 1-10.

Pond and stream surface water and sediment sampling procedures are presented in
Section 2 133 Sediment samples were lithologically logged using the USCS Durning both
stream surface water sampling events stream flow measurements were recorded for each
station and are summarized 1n Table 2 2-3 Pond and stream surface water and sediment
samples submutted for laboratory analysis were analyzed for the analytes or analyte groups
listed 1n Tables 2 1-4 and 2 1-5 Only stream surface water samples collected during the
baseflow sampling event were analyzed for aquatic toxicity as specified in DCN 93 01 of
TM1  The analytical data for surface water and sediment samples are presented in
Appendix D4 and are discussed 1n Sections 4 7 and 4 8

Deviations from TM]

Deviations from TM1 that occurred during the field activities are summanized in Table 2 2-1

The deviations were

. As summanzed in Table 2 2-3 several surface water sampling locations were

dry therefore, these locations were not sampled as specified in TM1

Stage 4 - Monitoring Well Installation, Development, and Sampling

Two monitoring wells were installed, one each 1n IHSSs 142 4 and 142 9, to allow collection
of groundwater samples downgradient of Ponds A-4 and B-5 respectively Momtoring wells
75092 and 75292 were located at the base of A-4 and B-5 pond dams respectively
(Figures 2 2-6 and 2 2-11)
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During the dnlling of well 75092, a saturated sandstone/sistone was encountered be;eatlj
the alluvium at a depth of 7 2 feet The well was completed as a bedrock well to a total deptﬂ_
of 16 7 feet and screened across the sandstone/siltstone nterval from 7 2 feet to 14 7 feeti
Because existing alluvial well 41091 was in close proximity to the alluvial well locat:oxf
specified in TMI, 1t was decided that well 41091 would, quately meet the TMi
requirements for an alluvial well to be installed dawngradggﬁt  6f Pond A-4, Alluwial wa!*
41091 hes 150 feet nostheast of well"75092 (Figure 2.2-7); _ of the boreho!e lo#
for well 41091 indicates that the well was dniled to a ﬁitﬂ%{ 13 feet and 1s serbene{l

across Rocky Flats Alluvium from a depth of 78 feetto 10 feet \
f x F

Well 75292 was dnlled to a total depth of 335 ‘feet and was screened in Rocky Flais
Alluvium from 5 6 feet to 7 6 feet The uppormost qu[gck unit underlying the alluvium wds
not a sandstone, therefore, a bedrock monﬂgﬁhggive}l“ was not installed at this locaﬂon :h
accordance with TM1  Momtoring well Wn information 1s summanzed m

Table 2 1-8 and presented in Append:xes C22 and\(}2_3 Co
N -

Following mstallation and developmeQ\t of wells 75QLmd 75292 groundwater samples wefe
collected and analyzed for the analygcal p;lrameters listed on Tables 2 1-4 and ‘2 1-5
Groundwater sampling proc.edu:gs are dlsmssed in Section 2 1 42 The analytical results fbr

these wells were not recewe'd"from RFEDS\wﬂhm the data window between first quarter

1991 through fourth,qumer 1993*-md.1he:efore are not included 1n this report
f.( P %s’

‘*‘z.h &
"

Deviation from TM1 S
- X

—— S . i
e g 2. - .‘{1 '

ay

e

* - Anr:ﬁ;xvnl well wai not mnstalled at a location near the base of the A-4 Po*ad
A dam, as speclﬁed in TM1 Existing well 41091, which 1s 1n close pro;nmlty
- was already present to monitor the alluvium (Table 2 2-1)

223 OM Out?ﬁl!,A:re; (THSS 143)
The Old Outfall Area (THSS 143) 1s located northwest of Building 771 (the laundry facility)

within the PA (Figure 1 3-3, page 1 of 2) A detailed description of THSS 143, mcluding
waste-related activities 1s presented in Section 1326 S
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Investigaton Stages 1 through 4 were conducted at IHSS 143 A summary of the proposed
and completed Phase I investigations at IHSS 143 1s presented on Table 22-1 and 1s

discussed below

Stage 1 - Review Existing Data

Historical summaries of IHSS 143 are provided in the Work Plan 1n the HRR, as well as
Section 1 3 2 6 of this report Examination of aenal photographs (dated 8/1971, 10/1975,
6/1980, and 5/1986) and a review of plant drawings and reports from 1971 and 1973 indicate
that the Old Outfall Area 1s located approximately 50 feet north of the IHSS area 1dentified
in the HRR (Figure 2 2-14) The Old Outfall Area was located in the field during the Phase I
investigation by measuring distances and bearings from known landmarks (e g Building 771)

identified in the aenal photographs and plant drawings

Stage 2 - Radiation Survey

Prior to intrusive activity at each sampling site at IHSS 143 during Stage 3 (discussed below),
a 17-point FIDLER radiation survey was performed at each surface soil location and each soil
boring location The survey was conducted in accordance with the EMRGs (EG&G 1991a)
No anomalous radiation readings were detected during the survey Results from the surveyed
sites are listed in Appendix B2

Stage 3 - Surface Soil Samples and Soil Borings

Soil borings were dnlled in the Old Qutfall Area at selected locations 1dentified during the
Stage 1 activities These soil borings were located by laying out a gnid with 20-foot spacing
and 1dentifying gnd points for drilling that were accessible and not blocked by above-ground
and below-ground utilities or other obstructions (e g, the PA secunity fence or paved access
roads) A total of six soil boring locations were dnlled in a cluster as a result of limited
surface area free of obstruction in the Old Outfall Area One soil boring 77492 was later
converted to an alluvial monitoring well and 1s discussed below In addition to the six
borings in the Old Outfall Area, a seventh boring (60692) was dniled southwest of the east
culvert The boring locations are listed on Table 2 1-9 are shown on Figure 2 2-14
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Four of the soil boring sites were randomly selected for collection of surface soils | Th¢

surface so1l sampling sites are shown 1n Figure 2 2-14 Surface soil sampling procedures aré
: discussed 1n Section 2132 i
~ Up to 10 feet of fill covers the onginal soil surface in the OldQutfall Area, therefore soil
borings were dnlled through the fill to the top of the pre-ﬂé sﬁi'face At each soil borinj

| location a sample was collected from the interval from iﬂle fop of the pre-fill surface to i

inches below the pre-fill surface and composite samples avere tallected from the interval from
2 to 24 inches below the pre-fill surface One addxﬁoial comp:xmple was collecte]
from the entire fill section of boring 60092 /anf boring pro::d\ufare discussed 1p
Section 213 1 s

. ;"

Duning the dnlling of boring 60292, a sdksﬂngh vgfs collected from a depth interval #

0 feet to 2 feet for grain size analysis The. resul{s of the analysis are discussed qn
Section 3 95 2 and presented on Table 35-3 x “\; . [
\ .

R i
Surface and subsurface soil samples‘{roms \We analyzed for the parameters hstéd

in Tables 2 1-4 and 2 1-5 The analytmal data,are presented-in Appendixes D1 and D2, aﬂd
are discussed 1n Sect:ons 4 Al.gnd 453

B Y i

C W
Deviations from the ﬂﬂ Plalr T— ;
,. ; e n

=

j

. The Work Pl cified drilling within IHSS 143  As discussed above, baséd

on'a Stage lhwe;@f historical aerial photographs and site plans, the actljal

J/vfocat:auf the Otd"@’utfall Area is approximately 50 feet north of the northdm

* boundary of THSS 143 as defined in the HRR (DOE 1992b) The soil borinlgs

o -were dnilled 1n the Old Outfall Area as located from the review of h:stoncal

aaerml photggraphs and plans and were located in the field by measun[ng

dlstumes “and bearings from existing landmarks identified on the aeﬂnal
photographs and plans :

. The Work Plan specified that borings were to be dnilled in IHSS 143 on a 20-
foot gnd spacing except under buildings As discussed above, numar+as
above-ground and below-ground utilities and other obstructions (e g the ,l’A
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fence and paved access roads) hmited dnlling in a number of the gnd points
Therefore, soil borings were only dnlled where accessible

o The Work Plan specified the placement of a boring east of the east culvert
Due to underground utihties roadways and secunty fences the boning was
drilled west of the east culvert

Stage 4 - Monitoring Well

One momitoring well 77492 was installed downgradient of the Old Outfall Area to allow for
collection of groundwater samples from the saturated alluvium (Figure 2 2-14) The well was
installed 1n one of the Old Qutfall Area soil borings dnlled to total depth of 24 1 feet and
was screened in the Rocky Flats Alluvium across.a depth interval from 12 1 feet to 22 1 feet
Well installation and development procedures are discussed in Sections 2141 and 2142
Details of the momtoring well construction are summanzed on Table 2 1-8 and are shown in
Appendix C2 4

Following installation and development, groundwater samples were collected and analyzed
for the parameters listed in Tables 2 1-4 and 2 1-5 Groundwater sampling procedures are
discussed 1n Section 2142 The analytical results are presented in Appendix D3 and are
discussed 1n Section 4626

224 Soil Dump Area (IHSS 156 2)

The Soil Dump Area (IHSS 156 2) s located on the west end of the interfluve that separates
North Walnut Creek and South Walnut Creek in the vicinity of the A and B-Senes Ponds
(Figure 2 2-15) The buffer zone access road to the A and B-Senes Ponds 1s located in the
western portion of IHSS 156 2 A detailed description of IHSS 156 2 including waste-related
activities 1s presented in Section 1327

Investigation Stages 1 through 4 were conducted at IHSS 156 2 A summary of the proposed

and completed Phase I investigations at IHSS 156 2 1s presented on Table 2 2-1, and 1s

discussed below
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Stage 1 - Review Aenal Photographs !

|
A review of aenal photographs (dated 8/6/71 and 10/5/83) showed that the fill materials af
THSS 156 2 were placed sometime between 1971 and 1983, and that the area of fill waq
somewhat larger than the previously defined boundaries for IHS8\156 2 Figure 2 2-15 show:*l}
the 1dentified boundaries for THSS 156 2 based on the HRRADOE 1992b) ;

Stage 2 - Radiation Survey V4 e \\ .
SN
Prior to collection of surface and subsurface soﬂ ‘}&mples at mss\sez during Stage 3
(discussed below), a 17-point FIDLER radiationl survey was performed for each surface soil,
soil boring, and momtoring well location Nozanomdgus radiation readings were deteCtegl
in THSS 156 2 dunng the FIDLER survay\ ‘Dgtmls "of the procedures for the 17-pomt
FIDLER radiation survey are presented in thm%y (EG&G 1991a) Radiation qurve_[v

S b
1 listed 1in A dix B2 I o
results are listed in Appendix —_— o3 '

rs
-

a k\x\ e o
In addition to the FIDLER radnagon*vgrveys“a ?mgm survey was conducted over IHS]S
156 2 from Apnl 22 to June 3, 1993 This durvey was conducted after the Stage:3 sdll
sampling activities were campleted in IHSS 1,56 2 Figure 2 2-2 shows the radiation Survéy
pomnts used for the gemiamﬁﬁixsuwey The- pmcedums used for the germanium survey ai‘e
presented 1n Sectlonﬁ 121, pd*ﬁr&muhs of the germamum survey are contaned ln
Appendix Bl Based oihtpe,suwm"aﬁhs no additional radiation investigation was requxrpd

as stated in the Workhan (BOE 1992a)

o T T "*s,, N i
= - . -,
s o T £ ]
T . S : !

Dewatlgns frg;m ™1 -

o The FIDLER survey was conducted prior to intrusive activities related :to
" w§urfacg tnl sampling and dnlling soil borings The germanium survey was
perfu(med after the field sampling, on Apnl 22 through June 3= 1993
(Table 2 2-1)
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Stage 3 - Surface Soil Samples and Soil Borings

Surface soil samples were collected on a 150-foot grid spacing over the Soil Dump Area
(Figure 2 2-15) A total of 22 surface soil samples were collected to a depth of 2 inches
No samples were collected 1n gravel or asphalt-paved areas Surface soil sampling procedures

are discussed 1n Section 2132

A total of 22 soil borings were drilled on the same 150-foot gnd used for the surface soil
sampling (Figure 2 2-15) Subsurface soil sampling procedures are discussed 1n
Section 2131 The soil borings were drilled to a depth of three feet into the undisturbed
soil beneath the fill surface Samples were taken continuously 1n these soil borings and were
composited from each 6-foot interval in the fill matennal Where the fill matenial was less
than 6 feet thick, the entire fill interval was composited In addition a 3-foot composite was
taken of the undisturbed soil underlying the fill surface in each soil boring

Two so1l samples were collected from a depth interval of 0 feet to 2 feet in borings 73992
and 74192 for grain size analysis Results of the grain size analyses are discussed n
Section 3 9 6 2 and presented on Table 3 5-3

Surface and subsurface soil samples collected from IHSS 156 2 were analyzed for the
parameters histed in Tables21-4 and 21-5 Analytical results are presented 1n

Appendixes D1 and D2, and discussed 1n Sections 443 1 and 454 1

Dewviations from Work Plan

. No samples were collected 1n gravel or asphalt-paved areas (Table 2 2-1)

Stage 4 - Monitoring Well

One monitoring well 75892 was installed in the western half of IHSS 156 2 for collection
of groundwater samples from the saturated alluvium (Figure 2 2-15) The boring for well
installation was drilled into bedrock to a total depth of 14 6 feet The well was screened 1n
the Rocky Flats Alluvium across a depth interval of 4 3 feet to 73 feet Since no sandstone
unit was encountered in the bedrock underlying the alluvium a bedrock monitoring well was
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not installed at this location Monitoring well installaton p:oceda}es arg, discussed 1n:
Section 2141 Monitonng well construction information 1s summanz4d on Table 2 1-8 and
presented in Appendix C2 5 4

As of the 4th quarter 1994, well 75892 remained dry and hﬁf&; yet been developedg

é

225 Tnangle Area (IHSS 165)

The Tnangle Area (IHSS 165) is located in the easem“"pomon \P@ just east 6!‘ i
Solar Evaporation Ponds (Figures 1 3+3, page 1 of}) A detailed deschption of IHSS 165
including waste-related activities, is presented xh Secnon 1328

f - &k x ’ ,

&

Investigation Stages 1 through 4 were conducted@’lHSS 165 A summary of the p;opo
and completed Phase I investigations at IH\SS\ 16&{3 presented on” Table 2 2-1, and ls

\ ’\ I

o

discussed below TN

o
E o

G 3 T \ II
S 1 - Review Aenal Photogr. 5 T“““ ;,\N? ,

'\"..

£

Acenal photographs from 1953, 1964, 1969 1971 and 1983, were reviewed to evaluate the
extent of the drum sto:(geas;rea m the v:cmnY‘ of IHSS 165 The 1971 aenal photograph
shows equipment storage to the wmf-&gongxnd IHSS .165 boundary The revised IHSS
boundary 1dentified in the I-IRR{DUE“H%b) was expanded to the west to incorporate tHls
storage area anures 2‘2-16 through 2 2-18 show the revised HRR boundanes for IHSS 165

e T ‘_1‘

Reports and/or ﬁuments ooncemﬁg radiometric surveys conducted within the Tnangﬁe ArFa
between 1975 and 1983 were transmutted by DOE to the EPA and CDPHE, as specified by

the Work Plan.

,"\

Stage 2 - Rad tln ‘ oil s .

Prior to collection of surface and subsurface soil samples at IHSS 165 durng Stag¢ 3

(discussed below), a 17-point FIDLER radiation survey was performed for each location] to

be sampled No anomalous radiation readings were detected in IHSS 165 dunng the FiDLER
i
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survey Details of the procedures for the 17-point FIDLER rad:iation survey are presented i1n
the EMRGs (EG&G 1991a) Radiation survey results are presented in Appendix B2

In addition to the FIDLER radiation surveys a germanium survey was conducted from
Apnl 22 to June 3, 1993 over the portion of IHSS 165 outside the PA This survey was
conducted after the Stage 3 soil sampling activines were completed in IHSS 165
Figure 2 2-2 shows the radiation survey points used for the germanium survey The
procedures used for the germanium survey are presented in Section 2121 The results of
the germanium survey are contained in Appendix Bl Based on the survey results, no
additional radiation investigation was required as stated in the Work Plan (DOE 1992a)

A real-time soil gas survey was conducted October 9-21, 1992 over the Tnangle Area
(Figure 2 2-16) to evaluate the presence or absence of VOCs Soil gas survey sites were laid
out using an approximate 100-foot grid spacing as specified in the Work Plan However a
number of the site locations had to be adjusted because of the presence of large amounts of
construction debris and equipment stockpiled in IHSS 165 inside the PA In addition, two
sites could not be sampled because they were obs&uﬁted by the PA decontamination pad

A total of 31 survey sites were sampled during the soil gas survey The results for all survey
sites were below the detection limit with the exception of one site (SGS70392) along the
western boundary of IHSS 165 which had a detection of carbon tetrachlonde (CCl,) at 8 0
micrograms per liter (ug/l) The soil gas sampling and analytical procedures are discussed
in Section 2122 Data from the soil gas survey are presented in Appendix B3

Deviations from TM1 and Work Plan

The following deviations from TM1 occurred duning the Stage 2 activities at IHSS 165

. The FIDLER survey (conducted to replace the germanium survey) was
performed on an approximate spacing of 40 feet rather than the 25-foot
spacing specified in TM1 However, the germanium survey was conducted
Apnl 22 through June 3 1993
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. A total of 31 soil gas samples were collected and analyzed instead of the 56:
specified 1n the Work Plan Because of the irregular tnangular shape of II“ISSEi
165, the actual number of 100-foot spaced grid points that fall wathin or near,
the boundartes of the IHSS 1s about 31 Two gnd points within the IHSS
were obstructed by the PA decontamination pad and could not be sampled, amﬂ
were replaced by two points outside of the IHSS boundary (SGS69792 and
SGS71692) {

. The SGS gnd spacing was not reducedM ma:kq\hqsmwz a samplq
site with a CCl, detection of 8 ;,lg/ilfX G :

Stage 3 - Surfac il Sampl 1 rS ) \Plt o1l Bori
j“x_\ A ;’f ; i
Fifteen surface soil sampling sites were randori séiq:ted from the soil gas gnd locai'ions,
The 100-foot spaced soil gas gnd was used for the sudacmnl sampling instead of the 70+
foot spaced gnd specified in TM{ ch of large amounts of constmctlon
debris and stockpiled matenal in THSS i65‘)ﬂdﬁ_ﬂ\\}’A made sampling on a 70-foot gmf
impossible The surface soil samples weré cﬁfrected from native soil or fill matenql If
gravel was present at the su#’uq{ it was ngmeved prior to samphng Surface soil samphn
procedures are dlscusseﬁ m~Section 2.1 3 2 'llhe surface sotl sampling sites are listed on

Table 2 1-9 and are shoym on jxgure&w

Qi%.:‘-_
s oo .2

L4

Four so1l cores were coﬂected:.from random locations within the soil gas gnd to confi irm th
results of the se1l gas suwey”(Engu‘m 2 2-18) The so1l cores were collected at the same depth

T

as the assoc:atéd' sonl gk samples Soil coring procedures are discussed in Section 2 l 31

Although,plumes were not identified, nine soil borings were dnlled within the survey gnd to
a depth of three feetmto weathered bedrock (Figure 2 2-18) The boring depths ranged from
12 0 feet to 23 8 feet In each boning, discrete samples for VOC analyses were collected ;t
2-foot increments and composnte samples for SVOC, metal, and radionuchde analyses wer'e
collected at 6-foot intervals j I
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During the dnlling of boring 72292, a soil sample was collected from a depth interval of
0 feet to 2 feet for grain size analysis Grain size analysis results are discussed n
Section 3 9 72 and presented on Table 3 5-3

One stream sediment sample was collected near surface water station SW-091B, as shown
on Figure 2 2-13 Stream sediment sampling procedures are discussed in Section 213 3

Additionally a soil profile pit was excavated described and sampled in the eastern portion
of IHSS 165, as shown on Figure 2 2-17 Soil samples were collected in accordance with
SOP GT 07

Surface soil samples, soil core samples, and subsurface soi1l samples from borings were
analyzed for the parameters listed in Tables 2.1-4 and 2 1-5 The analytical results are

reported in Appendixes D1 and D2 and are discussed in Sections 4442 and 4552

Deviations from the Work Plan

J Boring 72892 was specified m the Work Plan to be drilled 3 feet into bedrock
At 12 4 feet, 1.8 feet into bedrock, the drill g encountered refusal and could
not continue through the next 1 2 feet to reach the 3-foot requirement The
boring was completed at the 12 4 foot depth

Stage 4 - Monitoring Wells

Two monitoring wells, 76192 and 76292 were 1nstalled to allow collection of groundwater
samples within IHSS 165 (Figure 2 2-18) Monitoring well 76192 was installed east of the
PA secunty fence area and was screened in the Rocky Flats Alluvium across a depth interval
of 4 feet to 6 feet The second well 76292 was installed inside the PA The Work Plan
called for the borehole for this well to be drilled 20 feet into bedrock and the well to be
completed as an alluvial well If a sandstone was encountered in the bedrock a second well
was to be installed to monitor the bedrock When the borehole for 76292 was dnlled, 1t
extended to a depth of about 20 feet and extended approximately 12 feet into bedrock, where
sandstone was encountered Because a sandstone was encountered, the borehole was
completed as a sandstone bedrock monitoring well screened across a depth interval of about
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9 feet to 19 feet This screened interval included most of a moist sandstene nterval from 8 5;
feet to 13 6 feet observed during drlling of the borehole An alluvial momtenng well was
not installed at this location because existing monitoring well 2986 lies approximately 1oo_i
feet south of well 76292 (Figure 2 2-18) Well 2986 was drilled to a total depth of 22 5 fee‘
during a previous investigation and 1s screened through Rocky;ft'lgts Alluvium from 2.8 feef
to 8 8 feet This well satisfied the requirements of an allxm/d éll in IHSS 165 as specified
in the Work Plan Monitoning well installation procedur_ps discussed 1np Section 2141
Monitoring well construction details are summanzed on Fable'2,1-8 and are shown m

Appendix C2 6 ~ :

A~ 7

Following installation and development, gro,undvvater samples were collected froth the
monitoring wells and were analyzed for the;anﬂytesfllfted i Tables 2 1-4 and 21-5- IhL

analytical results are reported n Appendlxd)f g’ arf discussed 1n Section 462 4

~. <
N .

226 Trenches A, B, and C (ms& 166.1-3) ™ P

: s l
Trenches A, B, and C (IHSSs 16&1 m3 respectively) are located in tqe
northern part of OUS, south of the ieana.ﬁ‘n Pond (Figure 13-3, page 1 of 2) Dmlqd
descriptions of IHSSs 166,L3 mcludmg waste-related activities are presented in
Section 1329 - :
Investigation Stages 1 through 4 Were-conducted at IHSSs 166 1-3 A summary i)f the
proposed and completed Phase I investigations at IHSSs 166 1-3 are presented on Table 2 2-

and are discussed below S

- -
-

R

Stage 1 - Review Aenal Photographs

Aenal photogtaph&from 1964 and 1969 were reviewed to identify the locations of the folur
trenches 1n THSS' \166 "The 1964 ‘photograph provided the clearest view of the: trenbh
locations and was used to locate the geophysical survey gnds Following the geophys1¢al
surveys, the photograph and the results of the survey were used to locate the bormgs q’or
THSSs 166 1-3 o
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Stage 2 - Geophysical Survey

An EM-31 survey was conducted from October S through 14 1992 1n the area of
THSSs 1661 1662 and 166 3 to help delineate the locations of suspected burial trenches
identified duning aenial photo review A discussion of the EM survey method and field
program is presented in Appendix B4 1, and the conductivity contour maps are presented 1n
Appendix B4 2

Two EM survey grids were established to include each of the trenches within the IHSSs The
larger gnd (Grid A) to the west covers all of the suspected trench locations except the
easternmost trench 1n IHSS 166 3, which 1s covered with Gnnd B Over each gnd area, EM
data were collected 1n both the vertical and horizontal dipole modes using a 10-foot gnd
station spacing The two modes of operation provided for penetration depths of 9 feet and
18 feet, respectively All of the EM data were plotted and contoured using a computer
software package that allows for color-enhanced output. The interpretation of the EM results
(Appendix B4) in conjunction with field observations facilitated the placement of soil borings
within the suspected trenches, thus allowing sampling of burnied trench matenals, if present
Several of the anomalous conductivity zones identified were interpreted to define areas of

suspected trenching activity

Prior to collection of subsurface soil samples at IHSSs 166 1-3, during Stage 3 (discussed
below) a 17-point FIDLER radiation survey was performed for each soil boring location
No anomalous radiation readings were detected in IHSS 166 1-3 duning the FIDLER survey
Details of the procedures for the 17-point FIDLER radiation survey are presented in the
EMRGs (EG&G 1991a) Radiation survey results are listed in Appendix B2

Stage 3 - Soil Bonngs

Based on the results of aenal photo review and the geophysical study a total of 26 borings
were drilled 1n the trenches along the approximate trench axes at roughly 25-foot intervals
as shown in Figure 2 2-19 The borings were terminated 5 feet below the bottom of each
trench Eight borings were drilled in Trench A seven borings drilled in Trench B and six
and five in the western and eastern components of Trench C respectively Subsequent to
dnlling the eastern portion of Trench C the IHSS location was revised and relocated south
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of the borings Samples were taken continuously in the soil borings descnbed above;
Discrete samples were collected at 2-foot intervals and composite samples were taken at every|
6-foot interval A discussion of subsurface soil samphing 1s presented m Section 2 131 !'

Three soil samples were collected from a depth interval of 0 f 2 feet in borings 66892,
67692, and 68692, for grain size analysis Results of ﬂ( analySes are dnscusséd 111
Section 3 9 8 2 and presented on Table 3 5-3 Subsurfacgfsmlsamples from THSSs 166 1-3{
were analyzed for the parameters histed n Tables 2 1-4/and ‘i\ks “The analytical results m?
reported 1n Appendix D2 and are discussed n Sectlomé 51 \\\ '

f

|

& # x

Monitoring well 77392 was installed abont 3004‘9& east of the easternmost soil bonng 1*
Trench B (Figure 2 2-19) The borehole fo?‘wen w92 was dnlled to a total depth of
13 8 feet, and was screened in the &giky Flats Allume over a depth mterval of 3 9 feet
69 feet Monitoring well 76992 was mW;'eét northeast of the easternmost soil
boring in the eastern Trench C 'Ihexbo:e\hélé‘fo;.wgll 6992 was drilled to a total depth qf
15 5 feet, and was screened in the Rocky F&ats ‘Alluvium over a depth nterval of 3 4 feet to
94 feet Since no mdﬁw& encountered in the bedrock underlying the alluvium
etther location, no bedmck ifoniforing weﬂs were installed Monitoring well mstal!atx
procedures are dlscussed n Sgctnoni—l-A..L ‘Well construction details are summanzed om
Table 2 1-8 and are’ shbwn ul .Q,p"“'aixercz 7 through C2 9 o

As of the 4th qu‘ﬁé?"i&% w@lt“mn remained dry and has not been developed WeIll
76992 was’ mxtfally dry foﬂomng‘mstallatxon however, the well has since been developéd
and sampled in 1994 |

!

T

Deviations f‘fm, the W grk Plan | ,

. Momtd;ng wells 77392 and 76992 were installed about 300 feet east and 70
feet northeast from the easternmost borings 1n Trenches B and C, respeqmvely
instead of 1n the easternmost boring of Trench B and immediately north ,of
Trench C, as specified in the Work Plan Based on a field reconnalssance
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prior to dnlling the wells were placed 1n more favorable downgradient

locations
227 North and South Spray Field Areas (IHSSs 167 1 and 167.3)

The North Spray Field Area (THSS 167 1) 1s located on the ndge north of the Landfill Pond
and 1s bounded on the northwest by the McKay Bypass Canal (Figure 1 3-3 page 1 of 2)
Two drainages to the unnamed tributary of Walnut Creek mark the northeast and southeast
boundaries of the IHSS The South Spray Field Area (IHSS 167 3) 1s situated on the ridge
due south of the Landfill Pond, on the northwest comner of the intersection of the ndge access
road and the Landfill Pond access road (Figure 1 3-3 page 1 of 2) The Pond Spray Field
Area (THSS 167 2) was included in the QU6 Phase I field investigations however, this IHSS
was subsequently moved to OU7 for characterization and evaluation, and will be addressed
in the OU7 RFI/RI Report Figure 13-3 page 1 of 2 shows the histonical and revised
boundaries for IHSS 167 2 Detailed descriptions of IHSSs 167 1 and 167 3 including waste-
related activities are presented 1n Section 13210

Investigation Stages 1 through 4 were conducted at IHSSs 167 1 and 1673 A summary of
the proposed and completed Phase I investigations at IHSSs 167 1 and 167 3 are presented
on Table 2 2-1, and are discussed below

Stage 1 - Review Aenal Photographs

Aenal photographs from 1980 and 1983 were reviewed to evaluate locations of the spray
fields The North Spray Field (IHSS 167 1) was not observed to be in use on any of the
photographs The area in the vicimity of the South Spray Field (IHSS 167 3) was observed
to have a round, darker-colored shape that may have been a center pivot sprinkler Sampling
locations at IHSS 167 1 were based on the IHSS boundanes whereas the sampling locations
at THSS 167 3 were based on the spray field area visible on the photographs Soil and
groundwater sampling locations for IHSSs 167 1 and 167 3 are shown on Figures 2 2-20
and 2 2-21 respectively
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Stage 2 - 1ation

A 17-point FIDLER radiation survey was performed prior to sampling each surface so1l and
sotl boring location as part of Stage 3 (discussed below), 1n accordance with EMRGs (EG&Gr
: 1991a) No anomalous radiation readings were detected dunng*the FIDLER survey Result$
of the radiation survey are provided in Appendix B2 5 /,,!

The Work Plan specified that surface soil samples W;re to be eollected\}oa depth of 2 mchek
on a 100-foot gnd over the areas of the spray f}e’]ds as eshmated from the aenal photo review
conducted in Stage 1, in accordance to SOP GT 08,\8011 borings were to be dnlled to

depth of 4 feet on the same 100-foot gnd,@ ar.ggrdance with SOP GT 02 Samples in the
borings were to be taken continuously and comgosmg from each 2-foot interval Dtmnp
sampling, a soil classification survi as to be compl.e\e&\qtﬂle Spray Fields for use m the
Ecologic Risk Assessment o '\4\_‘

s
Surface soil samples were collected on\a I’Oﬁ-foot gnd spacing as specified in the Work Pldn
(Figures 2 2-20 and 2 2-21) A total of 23<.amLS surface so1l samples were collected at IHS$s
1671 and 167 3, respez’nve!}" Surface sml gtmples were collected using the procedurps

discussed 1n Sectloni 1‘3 2 N , g

A total of 30 soil bohngﬁwaiie dnilied on the same 100-foot gnd used for the surface sé:l
sampling (an»rﬁmo an“tt.z 2"‘24) Subsurface soil sampling prooedures are discussed an
Section 2 13 l‘fﬁ:nnxs were dniled to 4 feet Samples were taken eontmuously n the
bonngs and were composited from gach 2-foot interval for VOC analysis L

Four soil sampleswverz cellected from a depth interval of 0 feet to 2 feet in seveyal soxl
bonngs for gra.m‘swe ;nalysns The soil borings sampled for grain size analysis and the

results of the analyses are discussed 1n Section 3 99 2 and presented on Table 3 5-3.

Additionally, a soil profile pit was excavated, descnibed and sampled 1n the central portjon
of THSS 167 3, as shown on Figure 2 2-21 Soil samples were collected 1n accordance with
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SOP GT 07 Two stream sediment samples and one additional surface water sample specified
in the Work Plan were omitted as defined in TM1

Surface and subsurface soil samples from IHSSs 167 1 and 167 3 were analyzed for the
parameters listed in Tables 2 1-4 and 2 1-5 Analytical results of the sampling are presented
in Appendixes D1 and D2 and are discussed 1n Sections 441 and 4 5 2

Deviations from the Work Plan

J One soil boring was not drilled at a surface soil site (SS600892) at IHSS
167 1, as specified in the Work Plan The steep terrain resulted in dnil ng
inaccessibility therefore the soil boring was omitted at this site

Stage 4 - Monitoring Wells

The Work Plan specified two monitoring wells were to be installed immed:ately downgradient
of the North and South Spray Fields These wells were to be located within the surface
drainages that flow toward North Walnut Creek If a water bearing sandstone unit was found
to be the first bedrock unit underlying the alluvium an additional well was to be completed
in the weathered sandstone unit at that location

Monitoring well 77192 was installed at the east end of the North Spray Field Area
(IHSS 167 1) 1n the confluence of the unnamed tributanies north of North Walnut Creek
(Figure 2 2-20) Dunng the drilling of monmitoring well 77192, colluvial material was
encountered overlying the claystone bedrock Colluvial matenal hies within the same
hydrostratigraphic unit as Rocky Flats Alluvium The colluvial/alluvial hydrostratigraphic
relationship 1s discussed in detail in Section 3 6 2 of this report This well reached a total
depth of 11 9 feet, and was screened 1n colluvium over a depth interval of 2 9 feet to 5 9 feet
Monitoring well 76792 was drilled south of IHSS 167 3, in the drainage that flows toward
the unnamed Tributary north of North Walnut Creek (Figure 2 2-21) The well reached a
total depth of 12 2 feet and was screened in the Rocky Flats Alluvium over a depth interval
of 35 feet to 58 feet No sandstone unit was encountered in the bedrock underlying the
alluvium therefore no bedrock monitoring wells were dnlled at either location Monitoring
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I
well instaliation procedures are discussed in Section 2141 Well construction mformanon
1s summanzed on Table 2 1-8 and presented in Appendixes C2 10 and C2 12 '

As of the 4th quarter 1994, monitoring wells 77192 and 76792 remamned dry and havfé not

been developed B
;i}j;’; ’
Deviations from rk Pi ) ’\:\\\
. No alluvial matenial was encountered it dnlling » toring well 77192,

and the well was screened in collmn\bm instead of alluvi

o Soil boring 62892 (IHSS 167 A ) encm};(ered refusal at 3 8 feet and was unub+
to be drilled t0 40 feet - "~ 7 :

hd .
-, 2
’%_ Y

. Soil boring 61592 was not dnlled becmse the steep terrain prohibited dnll dg
access However, surﬁ W\?ﬁber 600892 was collected at this
location

. The two stream-sediment snmples and the one additional surface water sampie
were om:fteﬁ“é‘kspec:ﬂed n TNH

228 East Spny@g‘paqggég,{msswi)

The East Spray"FiéTaﬁk{ea '(‘IHSS\QIS 1) 1s located on the ndge between the North Waldut
Creek andSouﬂ;’s‘ Inut Cfeek ‘Rmmages and 1s east of the Soil Dump Area (THSS 156 2)
as shown in Figure 13-3. (page 1 of 2) A detailed description of IHSS 216 1, mcludlpg
waste-related*agnvmes, 1s presented 1n Section 13211 :
Investigation StagesJ thtough 4 were conducted at IHSS 2161 A summary of the propoqed
and completed Phase | mvestigations at IHSS 216 1 1s presented on Table 2 2-1,. and 1S

discussed below
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Stage 1 - Historical Data

Historical information regarding the use of the East Spray Field Area was included in the
Work Plan and in the HRR (DOE 1992b)

Stage 2 - Radiation Survey

Prior to collection of surface and subsurface soil samples at ITHSS 216 1 dunng Stage 3
(discussed below), a 17-point FIDLER radiation survey was c:onducted at each sampling
location No anomalous radiation readings were detected in IHSS 216 1 during the FIDLER
survey Results of the radiation survey are presented in Appendix B2

Stage 3 - Surface Soil Samples, Soil Profile Pit, and Soil Borings

Surface soil samples were collected on a 200-foot gnd spacing over IHSS 2161
(Figure 2 2-22) A total of six surface sorl samples were collected to a depth of 2 inches

Additionally a sotl profile pit was excavated described and sampled 1n the northwestern
portion of THSS 2161 as .shown on Figure 22-22 Soil samples were collected in
accordance with SOP GT 07

A total of six sotl borings were drilted on the same 200-foot grid used for the surface soil
sampling (Figure 2 2-22) The sotl borings were dnilled to a depth of approximately four feet
Samples were taken continuously m these soil borings and were composited from each 2-foot

interval
Surface and subsurface soil samples form IHSS 216 1 were analyzed for the parameters listed
in Tables 2 1-4 and 2 1-5 Analytical results of the sampling are presented in Appendixes D1

and D2 and are discussed in Section 4432 and 4542

Stage 4 - Monitoning Well

Since no contamination was detected during the field sampling 1t was not necessary to install

an alluvial monitoring well within this IHSS

(4047 910-0025 521)(R7 2(9/22/95 9 33 amX(1) 2-39



23 ECOLOGICAL RISK ASSESSMENT INVESTIGATION

Section 9 of the Work Plan, Ecological Risk Assessment was designed to descnibe th
requirements for carrying out an ecological nisk assessment (ERA) The mitial field samplmj
plan (FSP) was ntended for screening purposes and baseh te ciia:actenzatxon ~The
overall ERA Work Plan descnibed an iterative approacyvgth revisions planned -after
chemicals of concemn, receptors and contaminant pathways weérg 1dentified The Work Plan
Section 9, Ecological Risk Assessment was modlfiedbn ocuslons, once mn February
1993, and later in May 1994 1n response to new M %msed FSP waf
transmtted to the EPA and CDPHE by the DOE but approval of ument was nolt
requested and the regulatory agencies did not pﬁn?de a formal review or approval The: 1994
revision was created to respond to elevated ievéls of..gglychlonnated biphenyls 1n the OU6

pond sediment results 7,

o

~ ‘x
In October of 1994, the approach to ERAs for RFETS\chm;ed from an OU-based app!l‘oach
to a watershed approach for Wom‘an Cre Walnnh‘feek To accomplish this, a sit
wide ERA methodology was drafted and\\provgd byf e regulatory agencies Asa result,
the scope of the Walnut Creek ERA expmd‘ed,from OU6 and OU7 to include parts of 0U2
OU4 outside of the Protec;ed-Area, and ’OUll The modified field sampling plans for the

OUs encompassed by tbe wmgshed ERAs. ax;e }ocated in Appendix F and are not duphcatdd
here ) FT——— :
T : o~ o :;
{;\> ‘-—% l
|
i
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SUMMARY OF OU6 PHASE I FIELD ACTIVITIES

TABLE 2 1-1

IHSS NUMBER ACTIVITY TYPE QUANTITY
THSS 141 Radiation Survey (17 point FIDLER) 40
Sludge Dispersal Area Radiation Survey (HPGe) 1
Surface Soil Sampling 40
Monitoring Weli (colluvial) 1
IHSSs 1421 9 and 142 12 Pond Surface Water Sampling 51
A and B Series Ponds and Pond Sediment Sampling 57
W&I Pond Dry Sediment Sampling 18
B 5 Monitoring Well (alluvial) 1
A-4 Momtoring Well (bedrock) 1
Walnut Creek Drainage 11
Stream Sediment Sampling (baseflow) 15
Stream Surface Water Sampling (storm event) 8
IHSS 143 Radiation Survev (17 pownt FIDLER) 7
Old Outfall Area Surface Soil Sampling 4
Soil Boring 7
Monitoring Well (alluvial). 1
Soil Classification Survey 1
(grain size sieve analysis)
IHSS 156 2 Radiation Survey (17 point FIDLER) 23
Soil Dump Area Radiation Survey (HPGe) 1
Surface Soil Sampling 22
Soil Boring 22
Monitoring Well (alluvial) 1
Soil Classification Survey 2
(grain s1ze sieve analysis)
THSS 165 Radiation Survey (17 point FIDLER) 32
Trnangle Area Radiation Survey (HPGe) 1
Sail Boring 9
Surface Soil Sampling 15
Soil Gas Survey 31
Soil Classification Survey 1
(grain size sieve analysis)
Soil Core Sampling 4
Sediment Samphing i
Monitoring Well (alluvial) 1
Monitoring Well (bedrock) 1
Soil Profile Pit (60092) 1
Sheet 1 of 2
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TABLE 21-1 '
SUMMARY OF OU6 PHASE I FIELD ACTIVITIES

IHSS NUMBER ACTIVITY TYPE QUANTITY t
THSSs 166 1 through 166 3 Radiation Survey (17-point FIDLER) 28 f
Trenches A B& C Geophysical EM Survey 1
Sail Boring A~ 26
Soil Classification Survey R 3
(grain size sieve analysis) 4 5
Monitoring Well (alluvial) ,f ix 2
IHSSs 167 1 and 167 3 Radiation Survey (17-point PIDI’?ER) \\ ~. 33
North Spray Field and Surface Sdil Sampling \ =~ 31
South Spray Field Areas Soil Boring PN ~ 30
Soil Classsfication S\mley, 4
(gran size sieve angﬁ'sls’) o
Monitonng Well (allw:al) A 1
Monitoring Welf (colluvxq})' 1
Soil Profile Pit (6D}Q2) f 1
IHSS 216 1 Radmuon Survey ( 17-pom‘?~£;pmx) 6
East Spray Field Area 6 :
e
P R !
LT 7
K P S
— T M :
- oy N \:‘- ‘[
i ai“x,,_ "2‘ N \—,‘w:;;' EE
i
.
- !
-, . |
.
* e
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TABLE 2 1-2
SUMMARY OF STANDARD OPERATING PROCEDURES
USED IN THE OU-6 RFI/RI FIELD INVESTIGATION

SOP NUMBER TITLE

FO 01 Air Monitoring and Dust Control

FO 02 Field Document Control

FO 03 General Equipment Decontamination )

FO 04 Heavy Equipment Decontamination

FO 06 Handling of Personal Protective Equipment

FO07 Handling of Decontamination Water and Wash Water

FO08 Handlhing of Dnlling Fluids and Cuttings

FO 09 Handling of Residual Samples

FO 10 Receiving Labeling and Handhag Environmental Matenal Containers
FO 11 Field Communications

FO 12 Decontammation Faciity Operations

FO 13 Containenization Preserving Handlmg and Shipping of Soil and Water Samples
FO 14 Field Data Management

FO 15 Photoiomzatton Detectors (PIDs) and Flame Ionmization Detectors (FIDs)
FO 16 Field Radiological Measurement FIDLER surveys

FO 18 Environmental Sample iladnoactnvnty Content Screening

GT 01 Logging Alluvial and Bedrock Material

GT 02 Dnlling and Sampling Using Hollow Stem Auger Techniques

GT 05 Plugging and Abandonment of Boreholes

GT 06 Monitoring Wells and Piezometers Installation

GT 07 Logging and Sampling of Test Pits and Trenches

GT 08 Surface Soil Sampling

GT 09 Soi1l Gas Sampling and Field Analysis

GT 10 Borehole Cleanng

GT 11 Plugging and Abandonment of Wells

GT 17 Land Surveying

GW 02 Well Development

GW 04 Slug Testing

(4047-910-0025 521).R7 T212) (1/11/95 9 20 am)(2) Sheet 1 of 2



TABLE 2 1-2
SUMMARY OF STANDARD OPERATING PROCEDURES
USED IN THE OU-6 RFI/RI FIELD INVESTIGATION

SOP NUMBER TITLE .~ 3
GW 06 Well Sampling T/
Sw ot Surface Water Data Collection Acnvmjgii 5 \'& .
SW 02 Ficld Measurements of Surface Wato(l;;ﬁd Par
sSwo03 Surface Water Sampling e ‘\f B
£ ! b
SW 04 Discharge Measurement -~
SW 06 Sediment Sampling ) -
R ™
Sw o8 Pond Samplmng ~ ""*R‘L;j Vi
}\i %““\vs i
- 3'*—-\\ ‘\ﬂ;j ’
\z &,,, f}‘ ;A\:';: ;
»,;V “i‘ I
. ,
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TABLE 2 1-3

LIST OF DCNs TO THE OU-6 RFI/RI WORK PLAN
AND TM1 IMPLEMENTED IN PERFORMING THE

PHASE I FIELD WORK

Work Plan
Section No Title Date
Section 2 0 SITE CHARACTERIZATION
DCN 9201 Replacement of tables with correct tables 6/1/92
DCN 93 01 Site charactenization 1/29/93
Section7 0 FIELD SAMPLING PLAN
DCN 93 01 Changeto 725 1/18/93
DCN 93 02 IHSS Map Figure 7 5, Table 7-1 1/29/93
DCN 93 03 Revisionto 72 3 2/5/93
DCN 93 04 Change to sentence 7 2.5, stage 4 8/30/93
Section 10 0 QUALITY ASSURANCE ADDENDUM
DCN 9201 Change 1n QC Frequency 10/5/92
DCN 93 01 Modification to agree with Section 7 0 2/21/93
DCN 93 01 Replacement of first two sentences page 12 321 2/21/93

TABLE 2 FIELD QC SAMPLE COLLECTION FREQUENCY
DCN 9201 Change on page 17 of 41 Table 2 (Field Blank

and Trp Blank) 10/5/92
Appendices TECHNICAL MEMORANDUM #1
DCN 93 01 Appendix H 5 0 paragraph 1 8/30/93
OPS SW2
DCN 93 01 page 12 5 6 (Alkalinity/pH measurements) 5/11/93

Work Plan Reference - DOE 1992a
TM1 Reference DOE 1992f

- (4047 910-0025-521) (R7 T213 XLSX1/11/95 9 17 AMX2)
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TABLE 215
OU6 PHASE I RFI/RI ANALYTICAL PARAMETERS

TARGET ANALYTE LIST (TAL) METALS
Aluminum
Antimony
Arsenic
Barum
Beryllium
Cadmium
Calcium
Chromum
Cobalt
Copper
Cyanide
Iron Total and Dissolved
Lead
Magnesium
Manganese Total and Dissolved
Mercury
Nickel
Potassium
Selenum
Silver
Sodtum
Thallium
Vanadium
Zinc

ADDITIONAL METALS
Cestum
Lithium
Molybdenum
Silicon
Strontium
Tin

GRAPHITE FURNACE ATOMIC ABSORPTION
(GFAA) METALS

Cadmium

Copper

Iron Total

Lead

Manganese

Silver

Zinc

(404 910-0025-521) (R7 T215) (03/1695 10-09amX2)

TARGET COMPOUND LIST (TCL) VOCs

Chloromethane
Bromomethane

Viny! chionde
Chloroethane
Methylene chlonide
Acetone

Carbon disulfide

1,1 Dichloroethene

1 1 Dichloroethane
total 1 2 Dichloroethene
Chloroform

1,2 Dichloroethane

2 Butanone

1 1 1-Tnchioroethane
Carbon tetrachlonde
Vinyl acetate
Bromodichloromethane
1 1 2 2-Tetrachloroethane
1 2 Dichloropropane
cis 1 3 Dichloropropene
Trnichloroethene
Dibromochloromethane
11 2 Trchloroethane
Benzene

trans 1 3 Dichloropropene
Bromoform

2 Hexanone

4 Methy! 2 pentanone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl benzene

Styrene

Total xylenes

TCL SVOCs

Phenol

bis(2 Chloroethyl)ether
2 Chlorophenol

1 3 Dichlorobenzene

1 4 Dichlorobenzene
Benzyl alcohol

Sheet 1 of 3
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TABLE 2 1-5
OUG6 PHASE I RFI/RI ANALYTICAL PARAMETERS

TCL SVOCs TCL-SVOCs
1 2-Dichlorobenzene Fluoranthene 7
2-Methylphenol Pyrene ;7
bis(2-Chlorotsopropyl)ether Butylbenz phshalate
4-Methylphenol 3,3-Dich dine
N-Nitroso-di-n-dipropylamine Benmﬁ)amen
Hexachloroethane Chrm \
Nitrobenzene bis( ylhexylw
Isophorone Prp-octylphthaiate e’
2 Natrophenol P Bcnzo(b)ﬂuomnthcne
2 4-Dimethylphenol #  Benzo(k)fluoranthene
Benzoic acid 7 V'f Benzo(a)pyrene - !
bis(2-Chloroethoxy)methane P £nu(1,2,3-cd)pyrene
2 4-Dichlorophenol : ‘lecuz(a.h)anthmcene

1,2 4 Tnichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene T
4-Chloro 3-methylphenol T g
(para-chloro-meta-cresol) 1:"‘-3
2-Methyinaphthalene A
Hexachlorocyclopentadiene %
2 4 6-Trichlorophenol A
24 5-Trchlorophenol .~
2-Chloronaphthalene <
2 Nitroaniline

Dimethylphthalate ~ ~ e £

Acenaphthylene ™. "~ - 7
2 6-Dinitrotoluene S'”’"‘—'\
3 Nitroaniline _
Acenaphthene . .
2 4 Dimtgophenol “ T
4 Nitrophesiol -
Dibenzofgran

2 4-Dm;rofblncnc

Diethylpfithalate:-.

4 Chlorophenyl. phenyl £thet

Fluorene R

4 Natroaniline ms
4 6 Dinitro 2-methylphenol
N Nitrosodiphenylamine

4 Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

D1 n butylphthalate

s . =g

(4047-910-0025-521) R7 T215) (O¥/1695 10:09am)(2)
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Benzo(g.h.l)Pefyiene .
TCL - PsanmESJPCBs

alpha-BHC
HC

gdm-sﬁc
gamma-BHC {Lindanc)

Heptachlor
Aldnn

Heptachlor epoxide
¥ Endosulfan I

Dieldnn
44-DDE

Endnn
Endosulfan II

44 DDD
Endosulfan sulfate
44 DDT
Methoxychlor
Endnin ketone
alpha Chlordane
gamma Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

S T tg;‘% 3 é&"- S ek A
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TABLE 2 1-§
OU6 PHASE I RFURI ANALYTICAL PARAMETERS

RADIONUCLIDES
Gross Alpha
Gross Beta
Uranium 233+234 235 and 238
(each species)
Amernicium 241
Plutonium 239/240
Tritium
Cesium 137 Total
Strontium 89 + 90 Total

TOTAL ORGANIC CARBON (TOC)
NITRATE/NITRITE AS N

Parameters Exclusively for Groundwater Samples

FIELD PARAMETERS
pH
Specific Conductance
Temperature
Dissolved Oxygen
Barometric Pressure

WATER QUALITY PARAMETER LIST (WQPL)
Chloride
Fluoride
Sulfate
Carbonate
Bicarbonate
Total Dissolved Sohids
Total Suspended Solids

ADDITIONAL PARAMETERS FOR IHSS
1421 9 AND 142 12 WATER SAMPLES
DOC
Silicon
Alkalinity

(4047 910-0025-521) (R7 T215) (0¥16/95 10-09amX2) Sheet 3 of 3
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(SURFACE WATER AND GROUNDWATER)

TABLE 2 1-6
SAMPLE CONTAINERS, SAMPLE PRESERVATION,
AND SAMPLE HOLDING TIMES

Parameter Container Preservative Holding Time
Orgamic Chemicals
VOCs 2 x 40 ml VOC vials with Cool 4°C 14 days
teflon hined septum hds
Extractable Organics 3 x 1 L amber? glass bottle  Cool, 4°C 7 days until

(SVOCs Pesticides/
PCBs)

extraction 40 days
after extraction

Inorganic Chemicals
Metals 1 x 1-L polyethylene bottle  Nitric acid pH<2 180 days'
Coo} 4°C
Cyamde 1 x 1-L polyethylene bottle ~ Sodium hydroxide 14 days
pH>12- Cool 4°C
WQPL 1 x 1-L polyethylene battle ~ Cool 4°C 14 days
Nitrate and Nitrite 1 x 500 ml! polyethylene Sulfufic acid to pH 2 28 days
bottle Coot 4°C
NH,+ as NH, 1 x 1 L polyethylene bottle  Sulfunc pH<2 28 days
Hardness 1 x 250 ml amber glass Sulfunc pH<2 6 months
bottle
Total Organic Carbon 1 x 250-ml amber glass Sulfunc acid to pH <2 28 days
(TOC) Cool 4°C
Radionuclides
Radionuclides 12 x 1 L polyethylene bottle  Cool 4°C 180 days
(Full Suite)
Trtium 1 x 250 ml amber glass Cool 4°C 180 days
Additional Parameters
Acute Toxicity 2 x 1 gal polyethylene bottle Cool 4°C 36 hours
Microtox 1 x 40 ml glass vial Cool 4°C 36 hours
! Holding time for mercury 1s 28 days
" Container requirement 1s for any or all of the parameters given
(4047 9100025 521) (R7 T216) (O3/10/95 10 32amK2) Sheet 1 of 2




TABLE 2 1-6
SAMPLE CONTAINERS, SAMPLE PRESERVATION,
AND SAMPLE HOLDING TIMES

{SOIL AND SEDIMENT SAMPLES)

N £ .
VOCs 1 x 8-oz spilt-spoon hner Cool, 4>°C_ ™, 14 days

with teflon lined caps PV .
Extractable Organics 1 x 8-0z wide-mouth glass Cootnd® C ™~ ys until o
(SVOCs, Pesticides/ o, "\ extraction, 40 days
PCBs) L after extraction
Inorgamc Chemicals :f’j ,
Metals 1 x 250-ml wide-mouth;” # Codi™4° C 180 days'

glass jar ‘x\ ~F 7
TOC? i\xx . 28 days

AR N )
Nitrate® el Y 48 hours
M‘i, '%;p’\,’;

Radionuclides 1 x 500-ml W\de "‘\N.Q.l& 45 days

glass jar "'f.,_ \7 . 7

' Holding time for mercury 1s 28 days
3 When TOC or Nitrate were rqu_utq\at a g:ve?ﬂl-lss one sample was taken and included with metals

F
; &‘Mﬂ? H
e !
- —,%_)ﬁ‘ £~ V
- g
“ :
e —— i\x‘ b .
- ) «
T % " &
o o = - I
. i
~ !
i
|
1
i
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TABLE 2 1.7

QUALITY CONTROL SAMPLES AND
COLLECTION/ANALYSIS FREQUENCY

Collection/Analysis Frequency

Sample Type Analyte Type Solids Liquids
Duplicates Organics 1w 10 1mn10
Inorganics 1mli0 110
Radionuclides 1m10 11n10
Equipment Blanks Organics 1per day or 1 1n 20 - 1120
Inorganics 11n 20 11n 20
Radionuclhides 11 20 11n20
Trip Blanks Organics NA 1120
Inorganics NA NA
Radionuchdes NA NA
Matrix Spike/Matrix Organics 11020 11020
Spike Duplicate Inorganics -1 1 20 1120
Lab Rephicate Radionuchdes 11mn20 11m 20
NA = Not Analyzed
(4047 910-0025 521)R7 T217) (031695 12 28pmX?) Sheet 1 of 1
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OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

TABLE 2 1-9

SITE NUMBERS SITE LOCATION SITE TYPES
State Easting State Northing
THSS 141 (Sludge Dispersal Area)
§$5609792 2086390 750302 Surface Soil
S$5609892 2086390 750276 Surface Soil
55609992 2086391 750251 Surface Soil
S$5610492 2086414 750302 Surface Soil
S$5610592 2086414 750277 Surface Soil
55610692 2086415 750252 Surface Soil
S$S611192 2086440 750303 Surface Soul
SS611292 2086440 750278 Surface Soil
S$S611392 2086440 750252 Surface Soil
S$8612092 2086506 750429 Surface Soil
S$8612192 2086507 750404 Surface Soil
S5S612892 2086524 750430 Surface Soil
$S612992 2086525 750404 Surface Soil
SS613092 2086527 750379 Surface Soil
S§S613192 2086527 . 750353 Surface Soil
58613292 2086527 750328 - Surface Soil
SS613392 2086527 750303 Surface Soil
S$S613492 2086528 750278 Surface Soil
55613592 2086528 750253 Surface Soil
5$S8613692 2086550 750430 Surface Soil
$5613792 2086575 750430 Surface Soil
$S613892 2086574 750405 Surface Soil
58613992 2086575 750380 Surface Soil
55614092 2086574 750355 Surface Soil
58614192 2086575 750329 Surface Soil
SS5614292 2086574 750304 Surface Soil
$S614392 2086574 750279 Surface Soil
SS614492 2086575 750254 Surface Soil
S$8614592 2086600 750430 Surface Soil
55614692 2086600 750405 Surface Soil
58614792 2086600 750379 Surface Soil
SS614892 2086600 750355 Surface Soil
S$§614992 2086600 750330 Surface Soil
SS615092 2086600 750304 Surface Soil
S$S615192 2086600 750279 Surface Soil
S$S615292 2086600 750253 Surface Soil
S$S620792 2086363 750458 Surface Sl
$5620892 2086388 750457 Surface Soil
$5620992 2086413 750458 Surface Sol
SS621092 2086434 750458 Surface Soil
75992 2086628 750290 Momitoring Well

. (4087 910-0025 521) (R7 T219 XLS) (V1605 10-44 AMXK2)
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TABLE 2.19 : .

OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

SITE NUMBERS SITE LOCATION SITE TYPES |
State Easting ___ State Northing [
THSS 142 1 (Pond A 1) A~ s
SED60092 2086553 752020 / Pohd Sediment
SED60192 2086270 751966 7 ,fond Sediment
[ SED60292 2086426 751947 < \Pond Sedsment
SED60392 2086505 752010 7 f\ Poitd Sediment
SED60492 2086292 751931 4 7  Pomd Sédument .
SED65092 2086164 751861 I~ Dry :
SED65192 2086258 751888 - “x Dry Seditind
SW60092 2086553 752020 - Surface Water-Pond :
SW60192 2086270 75 1566" _ Surface Water-Pond
SW60292 2086587 151980 -4 Surface Water-Pond
SW60392 2086505 52610 / F  Surface Water Pond
SW60492 2086292 7519317 | Surface Water-Pond
S
THSS 142.2 (Pond A-2) S N
SED60592 2086993 71— 752094 =7 Pond Sediment
SED60692 2087179~ |- 752081 Pond Sediment ; .
SED60792 2087253 4} - 152165~. L7 Pond Sediment ‘
SED60892 2087310 N\ 752174 Pond Sediment
SED60992 2086964 X, 752116 Pond Sediment’
SED65292 _ 208675t 751994 Dry Sediment
SED65392 086909 152181 . Dry Sediment ] ;
SW60592 | / 2086993 | 752094 __Surface Water-Pond T
~ SW60692 ;2087129 752087 Surface Water-Pond S
SW60792__ f. Q087381 | 7152118 Surface Water-Pond c
SW60892 | ™~ 2087340 752174 Surface Water-Pond |
sweo992 , an 751961 Surface Water-Pond !
THSS 1423 md A T
SEP61092 3088256 752395 Pond Sediment
SED61192 2088168 752356 Pond Sediment
SERG1292. 2087986 i 752260 Pond Sediment ;
SED6T32 | 2088323 752536 Pond Sediment !
SED61492™~ | ~~ 2087818 752311 Pond Sediment
SED65492 I ,°2087711 752246 Dry Sediment
SED65592 2087782 752246 Dry Sediment
SW61092 2088256 ) 752395 Surface Water-Pond P
SW61192 2088168 752356 Surface Water-Pond
SW61292 2088431 752397 Surface Water-Pond o
SW61392 2088323 752536 Surface Water-Pond B
SW61492 2087700 752172 Surface Water-Pond Co .
|
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OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

TABLE 2 1-9

SITE NUMBERS SITE LOCATION SITE TYPES
State Easting State Northing

THSS 1424 (Pond A 4)
SED61592 2089497 752865 Pond Sediment
SED61692 2089723 752971 Pond Sediment
SED61792 2089448 752924 Pond Sediment
SED61892 2089674 753022 Pond Sediment
SED61992 2089294 7526953 Pond Sediment
SED65692 2088529 752609 Dry Sediment
SED65792 2088819 752664 Dry Sediment
SW61592 2089497 752865 Surface Water Pond
SW61692 2089723 752971 Surface Water Pond
SW61792 2089678 753084 Surface Water Pond
SW61892 2089674 753022 Surface Water Pond
SW61992 2089294 752953 Surface Water Pond

75092 2089870 753228 Monitoring Well

THSS 142.5 (Pond B 1) -
SED62092 2087052 750536~ Pond Sediment
SED62192 2087119 750520 Pond Sediment
SED62292 2087102 750523 Pond Sediment
SED62392 2087083 750556 Pond Sediment
SED62492 2086983 750455 Pond Sediment
SED65892 2086774 750318 Dry Sediment
SED65992 2086652 750321 Dry Sediment
SW62092 2087052 750536 Surface Water Pond
SW62192 2087119 750520 Surface Water Pond
SW62292 2087106 750556 Surface Water Pond
SW62392 2087083 750556 Surface Water Pond
SW62492 2086983 750455 Surface Water-Pond

IHSS 142 6 (Pond B 2)
SED62592 2087378 750642 Pond Sediment
SED62692 2087281 750604 Pond Sediment
SED62792 2087495 750623 Pond Sediment
SED62892 2087456 750609 Pond Sediment
SED62992 2087217 750618 Pond Sediment
SED66092 2087182 750653 Dry Sediment
SED66192 2087197 750681 Dry Sediment
SW62592 2087378 750642 Surface Water Pond
SW62692 2087281 750604 Surface Water Pond
SW62792 2087499 750699 Surface Water Pond
SW62892 2087456 750609 Surface Water Pond
SW62992 2087217 750618 Surface Water Pond
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TABLE 2 1-9
OU6 PHASE I RFURI SITE NUMBERS AND SURVEY COORDINATES

THSS 142 7 (Pond B-3)
SED63092 2087848 750765
SED63192 2087815 750837
SED63292 2087796 750757
SED63392 2087793 750792 :
SED63492 2087698 750786 f
SED66292 2087623 750744
SED66392 2087651 750778 7=,
SW63092 2087848 750768 / Surface Water-Pond
SW63192 2087815 750837 Surface Water-Pond
SW63292 2087796 750757 . Surface Water-Pond
SW63392 2087793 150992 / |/ Surface Water-Pond
SW63492 2087698 756786 = Surface Water-Pond
THSS 142.8 (Pond B-4) . S S i
SED63592 2088169 750869 <./ _Pond Sediment :
SED63692 2088194 750 Pond Sediment o .
SED63792 2088256 f % 130872~ 17 Pond Sediment .
SED63892 2088233 S \750898 -_Pond Sediment
SED63992 2088119 N 750912 Pond Sediment
SED66492 2087932~ “<750802 Dry Sediment
SED66592 2088630 75081 _ Dry Sediment
SW63592 7 2088148: 150906 Surface Water-Pond
SW63692 F 2088194 780929 Surface Water-Pond
SW63792 2 2088251 7 50060 Surface Water-Pond
SW63892 -, 2088223 750898 Surface Water-Pond
SW63992 2088119~ 750912 Surface Water-Pond
THSS 142.9 (Poiid B-§) ™. Sy |
SED64092 2089080 751734 Pond Sediment
SED64192 2089540 751924 Pond Sediment
SED64292. 2089466 752081 Pond Sediment
SED64392 | 2089521 751994 Pond Sediment i
SED64492 . | ™~ 2888990 751706 Pond Sediment '
SED66692 ~,, 2088356 750990 Dry Sediment
SED66792 2088612 751309 Dry Sediment
SW64092 2089080 751734 Surface Water Pond .
SW64192 2089540 751924 Surface Water-Pond
SW64292 2089466 , 752081 Surface Water-Pond
SW64392 2089521 . 751994 Surface Water-Pond
SW64492 2088990 751706 Surface Water-Pond . .
75292 2089809 752305 Momnitoring Well
& 91KD02S $21)(RT T219.XLS) (V1695 144 AMX2) Sheet 4§of 10




TABLE 2 1-9

OU6 PHASE 1 RFI/RI SITE NUMBERS AND SURVEY COORDINATES

SITE NUMBERS SITE LOCATION SITE TYPES
State Easting  State Northing
THSS 142 12 (W&I Pond)
SED64592 2093510 753694 Pond Sediment
SED64692 2093554 753636 Pond Sediment
SED64792 2093513 753756 Pond Sediment
SED64892 2093563 753684 Pond Sediment
SED64992 2093452 753746 Pond Sediment
SW64592 2093580 753726 Surface Water Pond
SW64692 2093554 753636 Surface Water-Pond
SW64792 2093603 753665 Surface Water-Pond
SW64892 2093563 753684 Surface Water Pond
SW64992 2093452 753746 Surface Water Pond
IHSS 143 (Old Outfall Area)
60092 2083494 751231 Soil Boring _
60192 2083520 751228 Soil Boring
60292 2083496 751241 Soil Bonng
60392 2083508 751237 Soil Boning
60492 2083496 751246 Soil Boring
60692 2083307 750924 Soil Bonng
SS600092 2083494 751231 Surface Soil
55600192 2083520 751228 Surface Soil
S$5600292 2083496 751241 Surface Soil
S$5600392 2083508 751237 Surface Soil
77492 (60592) 2083508 751246 Momitoring Well (Soil Boning) |
IHSS 156 2 (Soil Dump Area)
63592 2086336 750971 Soil Boring
63692 2086252 751032 Soil Boring
73592 2086447 751004 Soil Boring
73692 2086514 750889 Soil Boring
73792 2086591 750761 Soil Boring_
73892 2086588 751059 Soil Boring
73992 2086658 750935 Soil Boring
74092 2086734 750803 Soil Boring
74192 2086671 751026 Soil Boring
74292 2086716 751116 Soil Boring
74392 2086798 750991 Soil Boring
74492 2086872 750860 Soil Boring
74592 2086832 751088 Soil Boring
74692 2086910 750960 Soil Bonng
74792 2086861 751175 Soil Boring
74892 2086925 751062 Soil Boring
74992 2086952 751152 Soil Boring
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OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

TABLE 2 1-9

——
SITE NUMBERS SITE LOCATION SITE TYPES
State Easting State Northing
IHSS 156.2 (Soil Dump Area) (continued) .
77592 2087016 751049 / _SoitBonng
77692 2087055 751148 < “Soil Bonng
77792 2087076 751255 7/ _ASoilBogng -
77892 2087132 751155 Z N, StalBonng
77992 2087177 751233 { F  sail Eqs?i\
$5602892 2086336 75097H N Surfaee |
$5602992 2086252 751032, _ Surface So}/
$S606792 2086447 751004 - ~ Surface Soil
SS606892 2086514 7508897 Surface Soil
$S606992 2086591 750761 A Surface Soil
$S607092 2086588 751689 < |7 Surface Soil
SS607192 2086658 750935~ Surface Soil
$S607292 2086734 750803~ . Surface Sol
SS607392 2086671 751026 ™, Surface Soil
SS607492 2086716 _“t-— 751116 . _ Surface Soil
$S607592 2086798 - | 7 Surface Soit
$S607692 2086872 S 750860 |- Surface Soil
$S607792 2086832 ~ 2751088 Surface Soil
$S607892 2086910 F N 750960 Surface Soil
SS607992 2086861, ~ISN75 Surface Soil
$S608092 2086925 751062 Surface Soil
$5608192 /2886952 ___15H52 Surface Soil
$S608292 7 2087016 51049 Surface Soil
$S608392 . 2087655 ——-751148 Surface Soil
$S608492 ., 2087076 751255 Surface Soil
SS608592 2087132, 751155 Surface Soil
SS608692 “-2087197 . 751233 Surface Soil
75892 .~ | "N.2086558 - - 750915 Monitoring Well
THSS 165 {Triangle Area)
63792 .. 2085864 750530 Soil Gas Survey
63892 | 2085858 750631 Soil Gas Survey
63992 - | .- 2085856 750738 Soil Gas Survey
69492 . 2086169 750699 Soil Gas Survey
69592 2086084 750685 Soil Gas Survey
69692 2086089 750613 Soil Gas Survey
69792 . 2085990 750766 So1l Gas Survey
69892 2085989 750684 Soil Gas Survey
69992 2085987 750608 Soil Gas Survey
70092 2085987 750538 Soil Gas Survey
70192 2085420 750421 Soil Gas Survey
70292 2085417 750523 Soil Gas Survey
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OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

TABLE 2 1-9

SITE NUMBERS SITE LOCATION SITE TYPES
State Easting State Northing
THSS 165 (Triangle Area) (continued)
70392 2085417 750620 Soil Gas Survey
70492 2085419 750721 Soil Gas Survey
70592 2085415 750839 Soil Gas Survey
70692 2085416 750943 Soil Gas Survey
70792 2085508 750720 So1l Gas Survey
70892 2085530 750625 Soil Gas Survey
70992 2085541 750523 Soil Gas Survey
71092 2085531 750418 Soil Gas Survey
71192 2085651 750432 Soil Gas Survey
71292 2085640 750520 Soil Gas Survey
71392 2085642 750621 Soil Gas Survey
71492 2085681 75Q769 Soil Gas Survey
71592 2085645 750838 Soil Gas Survey
71692 2085642 750934 Soil Gas Survey
71792 2085758 750840 Sail Gas Survey
71892 2085764 750733 Soil Gas Survey
71992 2085766 750627 Soil Gas Survey
72092 2085772 750540 So1l Gas Survey
72192 2085770 750475 So1l Gas Survey
72292 2085416 750421 Soil Boning
72392 2085651 750432 Soil Boring
72492 2085770 750475 So1l Core
72592 2085417 750523 Soi1l Core
72692 2085541 750523 Soil Core
72792 2085640 750520 Soil Boring
72892 2085772 750540 Soil Boring
72992 2085530 750625 Soil Boning
73092 2085508 750720 Soil Boring
73292 2085764 750733 So1l Core
73392 2085856 750738 Soil Boring
73492 2085758 750840 Soil Boring
$8620592 2085864 750530 Surface Soil
SS$606192 2086169 750699 Surface Soil
$8620192 2086084 750685 Surface Soil
S§606292 2085987 750608 Surface Soil
$8620292 2085987 750538 Surface Soil
S$5603092 2085417 750523 Surface Soil
58620392 2085416 750943 Surface Soil
S$S603192 2085508 750720 Surface Soil
S$S603292 2085530 750625 Surface Soil
$5620092 2085531 750418 Surface Soil
S$S606392 2085651 750432 Surface Soil
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TABLE 2.1-9
OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES
R
SITE NUMBERS SITE LOCATION SITE T¥PES
State Easting _ State Northing
IHSS 165 (Triangle Area) (continued) .
$S606492 2085640 750520 /7 Strface Soil
SS606592 2085645 750838 #__“Surface Soil
SS606692 2085764 750733 # % Surface Soil
$S620492 2085766 750627 4~ Sueface Soil
76192 2086122 750660  { .© Mowtoring Well
76292/73192 2085681 750769 Wh«"‘1~ilom:zon%ﬁ_m_ug4
TR60092 2086098 750658 7~ Soil Profilepit
IHSS 166 1 (Trench A) z 7
66892 2083922 TRADB - Soil Boring
66992 2083945 542 ;7 I° Soil Boring
67092 2083971 752434Y - Soil Boring_
67192 2083998 752439, Y. Soil Bonng
67292 2084020 752443 . Soil Boning
67392 2084046 ~t—. 752448 |~ -  Soil Bonng
67492 2084068 | 7B~ | Soil Boring
68292 2083903 - \:75240635\ Soil Boring
IHSS 166.2 (Trench B) N4
67592 2083853, 5752201 Soil Boning
67692 2083876 752297 Soil Boring_
67792 /2083904 753212 Soil Boring
67892 i 2083928 152216 Soil Boring
67992 2083953/ 14152220 Soil Boring
68092 >, 208399 752225 Sosl Boring _ :
68192 2084001, 752228 Soil Boring ;
773927 | -2084299 "~ 752243 Monitoring Well:
= . A
THSS 166.3(Trench C} . .
68392 2083872 752302 Soil Boring
68492 2083898 752308 Soil Boring.
68592 - 2083924 752315 Soil Boring__
68692 . | - 2083946 752319 Soil Bonng
68792 . _*2083973 752324 Soil Boning
68892 2083999 752327 Soil Boring
68992 2084328 752532 __Soil Bonng
69092 2084352 752533 Sail Boring _
69192 2084380 752536 Soil Boning
69292 2084402 752537 Soil Boring
69392 2084427 752540 Soil Boring
76992 2084500 752561 Momtoring Well
TT@DAT 910:0025-521) (R7 T219.XLS) (¥16/95 10-44 AMNK2)
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OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORDINATES

TABLE 2 1-9

SITE NUMBERS SITE LOCATION SITE TYPES
State Easting State Northing
IHSS 167 1 (North Spray Field)
61192 2083890 753838 Soil Boring
61292 2083779 753780 Soil Boring
61392 2083892 753784 Soil Boring
61492 2083996 753789 Soul Boring
61692 2083891 753681 Soil Boning
61792 2083996 753678 Soil'Boring
61892 2084116 753666 Soil Boring
61992 2084192 753653 Soil Boring
62092 2084280 753636 Soil Bonng
62192 2083782 753577 Soil Boring
62292 2083593 753691 Soil Boning
62392 2083671 753690 Soil Boring
62492 2083781 753686 Soil Boring
62592 2083892 753574 Soil Boring
62692 2083997 753568 Soil Boring
62792 2084103 753564 Soil Boring
62892 2084201 753565 Soil Boring
62992 2083890 753519 Soil Boring
63092 2083673 753626 Soil Boring
63192 2083776 753626 Soil Boning
63292 2084098 753519 Soil Boring
63392 2083998 753464 So1l Boring
S$S600492 2083890 753838 Surface Soil
S$8600592 2083779 753780 Surface Soil
S$S600692 2083892 753784 Surface Soil
S$S600792 2083996 753789 Surface Soil
S$S600892 2084103 753777 Surface Soil
$S600992 2083891 753681 Surface Soil
$S601092 2083996 753678 Surface Soil
S$S601192 2084116 753666 Surface Soil
S$S601292 2084192 753653 Surface Soil
55601392 2084280 753636 Surface Soil
$S601492 2083782 753577 Surface Soil
S$S601592 2083593 753691 Surface Soil
§S601692 2083671 753690 Surface Soil
S$S601792 2083781 753686 Surface Soil
S$S601892 2083892 753574 Surface Soil
S$S601992 2083997 753568 Surface Soil
S$$602092 2084103 753564 Surface Soil
55602192 2084201 753565 Surface Soil
S$S5602292 2083890 753519 Surface Soil
$5602392 2083673 753626 Surface Soil
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TABLE 2.1-9
OU6 PHASE I RFI/RI SITE NUMBERS AND SURVEY COORBANATES
=== — . - —
SITE NUMBERS SITE LOCATION SITE TYPES
State Easting ___ State Northing
IHSS 167 1 (North Spray Field) (continued) ,
$S602492 2083776 753626 —7 ﬁfacesw
$S602592 2084098 753519 /Surface Soil
$S602692 2083998 753464 urface Soil
77192 2084381 . 753646 ; j}g Well
IHSS 167.3 (South Spray Field) B V \\\ ;
66092 2084470 L 752482/ Soil Boriitg/
66192 2084618 L1548 S Spil Boring
66292 _ 2084538 _ 7524097 Soil Bonng 7
66392 2084671 152434 A Soil Banng o
66492 2084467 5254 - | Soil Berning
66592 2084603 753366~ 7] Soil Boring
66692 2084536 [ 75233, B Soil Boring
66792 2084674 752333 ™ Soil Boring
$S605392 2084470 -} 52482 .7 _ Surface Soil
$S605492 2084618 5 | . 7524 Surface Soil
SS605592 2084538 N &ﬁm\x Surface Soil
$S605692 2084671 N +752434 Surface.Soil
$S605792 2084467 N 752364 Surface Soil
SS605892 2084603~ -752366 Surface Soil
$5605992 [ 20845% 752323 Surface Soil
SS606092 < 2084614, : 752333 Surface Soil
76792 ___20846)8 752546 Monitormg Well
TR60192 . %1284570 ~152371 ) Soil Profile Pit
™~ f -
IHSS 216 1 (East sumu Aréa)
SS608792 | agsﬁsa =~ 751384 Surface Soil
$S608892 - 2087768 751238 - __Surface Soil :
SS608992 _ 2087756 751444 ~_Surface Soil
$5609092 2087573 751187 Surface Sail -
$609192 2087970 751472 Surface Soil
SS609 1 2087963 751287 Surface Soil
78092 .| =~ 2087565 751384 Soil Bonng o
78192 . 2087768 751238 Soil Boning _ Co
78292 2087756 751444 Soil Boring .
78392 2087573 751187 Soil Boring P
78492 2087970 751472 Soil Boring C
78592 2087963 751287 Soil Bonng _ P
TR60292 2087681 ; 751432 ~ Soil Profile Pit !
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OU6 PHASE I STREAM SURFACE WATER (BASEFLOW/STORM EVENT)
AND SEDIMENT SAMPLE SURVEY COORDINATES

TABLE 2 10

| ORIGINAL | SITE NUMBERS SITE LOCATION SAMPLE TYPES
State State
lSTATION ID Easting Northing
Stream Sediment Sampling
SW1l16 SED69492 2081072 750875 Stream Sediment
SW118 SED69692 2083514 751533 Stream Sediment
SW093 SED68592 2085005 751722 Stream Sediment
GS13 SED68492 2086091 751876 Stream Sediment
SW091B SED68192 2086301 751610 Stream Sediment
GS12 SED68692 2088575 752632 Stream Sediment
GS11 SED68792 2089964 | . 753270 Stream Sediment
GS03 SED69392 2093618 753646 Stream Sediment
GS09 SED69792 2088380 751055 Stream Sediment
GS10 SED69892 2086289 750227 Stream Sediment
SwW103 SED69992 2088786 750848 Stream Sediment
SW022 SED70092 2086438 | - 749759 Stream Sediment
#1 SED68992 2090219 753616 Stream Sediment
#2 SED69292 -2091343 754080 Stream Sediment
#3 SED68892 2090269 753441 Stream Sediment
Baseflow Surface Water Samphng
SW116 SW67093 2081072 750875 Surface water baseflow
SW118 SW67493 2083514 751533 Surface water baseflow
SW093 SW67193 2085005 751722 Surface water baseflow
GS13 SW67393 2086091 751876 Surface water baseflow
SW091B SW68193 2086301 751610 Surface water baseflow
GS12 SW68093 2088575 752632 Surface water baseflow
GS11 SW67893 2089964 753270 Surface water baseflow
GS03 SW67993 2093618 753646 Surface water baseflow
GS09 SW67693 2088380 751055 Surface water baseflow
GS10 SW67593 2086289 750227 Surface water baseflow
#2 SW68293 2091343 754080 Surface water baseflow
Storm Event Surface Water Sampling
SW116 SW68593 2081072 750875 Surface water storm event
SW118 SW68793 2083514 751533 Surface water storm event
SW093 SW69293 2085005 751722 Surface water storm event
GS13 SW69393 2086091 751876 Surface water storm event
SW091B SW69093 2086301 751610 Surface water storm event
GS09 SW68693 2088380 751055 Surface water storm event
GS10 SW68893 2086289 750227 Surface water storm event
SW022 SW68993 2086438 749759 Surface water storm event
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TABLE 2 10
OU6 PHASE I STREAM SURFACE WATER (BASEFLOW/STORM EVENT) |
AND SEDIMENT SAMPLE SURVEY COORDINATES :

ORIGINAL SITE NUMBERS SITE LOCATION - SAMPLE TYPES °
State State o :
STATION ID Eastin Northun
|
[Stream Sediment Sampling . !
SW116 SED69492 2081072 750875 A -  Stream Sediment
SW118 SED69692 2083514 | 751533/
SW093 SED68592 2085005 751722
GS13 SED68492 . 2086091 751876
SW091B SED68192 2086301 751610
GS12 SED68692 2088575 12632
GSl11 SED68792 2089964 |.. 753270
GS03 SED69392 2093618 4 7753646
GS09 SED69792 2088380° |/ 751055
GS10 SED69892 i 202% 750227
SW103 SED69992 2088786" | 750848
SW022 SED70092 2086438] 7 749159
#1 SED68992 2090219, 53616
#2 SED69292 2091343 T 734080 Stream Sediment
#3 SED68892 2090269 CRE344 Stream Sediment
< e
Baseflow Surface Water Sampling :¢>\~M ;
SW116 SW67093 J 2081072 1750875 Surface water baseflow
SW118 SW67493 - 2083514 751533 Surface water baseflow
SW093 SW67193 1 2085095 751722 . Surface water baseflow
GS13 SW67393~ .. 2086091 751876 Surface water baseflow
SW091B SW68193- - -, 208630 751610 Surface water baseflow
GS12 SW68093 - . 1 20885%5 752632 Surface water baseflow
GS11 SW67893 - "’Lzom“ T ~753270 Surface water baseflow
GS03 SW67993 . "4--2093618 753646 Surface water baseflow
GS09 SW67693 - 2088380 751055 Surface water baseflaw
GS10 SW67593 1 2086289 750227 Surface water baseflow
#2 ) SW68293 2091343 754080 Surface water baseflow
Storm Event Surface Water Sampling ~
SWil6 | SW685%93 2081072 750875 Surface water storm event
SWIR. | SW68793 2083514 751533 Surface water storm event
SW093 . SW69293 2085005 751722 Surface water storm event |
GS13 = - SW69393 2086091 751876 Surface water storm event |
SWO091B “~ SW69093 2086301 751610 Surface water storm event |
GS09 SW68693 2088380 751055 Surface water storm event !
GS10 SW68893 2086289 750227 Surface water storm event
SW022 SW68993 2086438 749759 Surface water storm event
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TABLE 2.2-2
OU6 PHASE 1 POND WATER AND SEDIMENT SAMPLING SITES,
SAMPLE NUMBERS AND SEDIMENT SAMPLE DEP’!'HS

SAMPLING SITE  SAMPLE
IHSS NUMBER NUMBER ___ DEPTH INTERVAL
IHSS 142 1 SED60092 SD60000WC 00'-180"
PONDA 1 SED60192 SD60001WC 0.0"-16 3"
SED60292 SD60002WC F00"-193"
SED60392 SD60003WE 7 F£0'-20.0"
SED60492 SD60004WC . £00"-135"
SED65092 SD600SOWC 7~ -~ \‘0&2 0"
SED65192 soﬁoos1w;/ -
SW60092 SWU6000WE” ?
SW60192 SWUG0gTWC W
SW60292 SWU NC
SW60392 SWH6003WC
SW60492 s}wmﬁoagg
THSS142 2 SED60592 We 00-75
POND A 2 SED60692 S ) 00"-8.5"
SED60792 S . 00"60
SED608 SD60008WC ™. - 00"-60"
SED60992 00"-8 0"
SED65292, 00"-20"
SED65392 * sbowss 00"-20"
SW60592 5 swuaooswc
_SW60692 *., SWU6006WC
5&33'792 SWU6007TWC
5 7 SWepse2 SWI6008WC
S5 SW60992 T —SWU6009WC
[HSS1423 ™ \659‘61092 SD60010WC 00-227"
PONDA 3 sabqgsa SD60011WC 00" 144"
T~ SEDSI2R SD60012WC 00"124'
P sgnstasz SD60013WC 00"-14 1"
; " SED61492 SD60014WC 0,0"-120
’ SED65492 SD60054WC 00'-20"
© SED65592 SD600S5WC 00"-20"
 SW61092 SWU6010WC
~  SW61192 SWU6011WC
_ SW61292 ~  SWU6012WC
= SW61392 SWLI6013WC
SW61492 SWUG6014WC
IHSS142 4 SED61592 SD60015WC 00"-63"
POND A-4 SED61692 SD60016WC 00 28
SED61792 SD60017WC 00"-66
SED61892 SD60018WC 00" 28"

14047 910-0025 S21)R7 T222 XLS(¥16/95 12 40 PMK2)




TABLE 2 2-2
OU6 PHASE 1 POND WATER AND SEDIMENT SAMPLING SITES,
SAMPLE NUMBERS AND SEDIMENT SAMPLE DEPTHS

SAMPLING SITE SAMPLE
IHSS NUMBER NUMBER DEPTH INTERVAL
SED61992 SD60019WC 00 94
IHSS 142 4 SED65692 SD60056WC 00 20
(continued) SED65792 SD60057TWC 00 20
SW61592 SWU6015WC
SW61692 SWU6016WC
SW61792 SWU6017WC
SW61892 SWU6018WC
SW61992 SWU6019WC
IHSS 1425 SED62092 SD60020WC 00 240
PONDB 1 SD60125WC 240 290
SED62192 SD60021WC 00 110
SED62292 SD60022WC 00 240
SD60126WC 240 280
SED62392 SD60623WC 00 180
SED62492 SD60024WC 00 180
SED65892 - SD60058WC 00 20
SED65992 SD60059WC 00 20
SW62092 SwuU6020WC
SW62192 SWU6021WC
SW62292 SwWuU6022wC
SW62392 SWU6023WC
SW62492 SWU6024WC
THSS 142 6 SED62592 SD60025WC 00 200
PONDB 2 SED62692 SD60026WC 00 80
SED62792 SD60027WC 00 60
SED62892 SD60028WC 00 140
SED62992 SD60029WC 00-150
SED66092 SD60060WC 00 20
SED66192 SD60061WC 00 20
SW62592 SWU6025WC
SW62692 SWU6026WC
SW62792 SWU6027TWC
SW62892 SWU6028WC 00 240
SWU6061WC 240 540
SW62992 SWU6029WC
IHSS 1427 SED63092 SD60030WC 00 125
PONDB 3 SED63192 SD60031WC 00 160
SED63292 SD60032WC 00-240
SD60118WC 240 310
SED63392 SD60033WC 00 240

7 (4047 910-0025 521)(R7 T222 XLS(¥16/95 12 40 PM)(2)

Sheet 2 of 4



TABLE 2 2-2
OU6 PHASE I POND WATER AND SEDIMENT SAMPLING SITES,
SAMPLE NUMBERS AND SEDIMENT SAMPLE DEPTHS

{4047 910-0025 S21IHR7 T222.XLS(3H6/9S 12 40 PM)(2)

o -

" SAMPLING SITE = SAMPLE
IHSS NUMBER NUMBER DEPTH INTERVAL
SD60116WC 24 0"-25.5"
SED63492 SD60034WC 00 -64"
IHSS 1427 SED66292 SD60062WC £08-20"
(continued) SED66392 SD60063WC S A0-20°
SW63092 SWU6030WC -;
SW63192 SWUG6031WC ,
SW63292 swuso32wg \\\
; SW63392 SWU603
SW63492 swucomc
THSS 1428 SED63592 snmo;§wc 00"-24 0"
POND B-4 snﬁomwg; 240 -283
SED63692 m 7 00°-159"
SED63792 e 00" 240
SDEONAWE., 240 -315
SED63892 sneoosiw:\\ ~. 00" 240
SD60110WC 240 309"
SED639R2 . SDo083awC 00" 129
SEDG66492:. < WC 7 00"-2.0
SED66592 x ‘g $D6POGSW 00’20
SW63592 svgusosswc
_SW63692 * SWU6036WC
’ N2 SWU603TWC
o 7 SW63892 SWH6038WC
sw,sMse39Wc
IHSS 1429 - ‘SED64092 SD60040WC 00 -85
PONDBS  “~SED&4192 SD60041WC 00 -56"
”“'\,, SED64192 SD60042WC 00 -84"
T *ssnﬁbsei SD60043WC 00"-88"
SED64492 SD60044WC 00"-25"
SED66692 SDG0066WC 00-20
SED66792 SD60067TWC 00-20"
. SW64092 SWUG6040WC
™~ SW64192 SWUG6041WC
SW64292 SWUG6042WC
T SW64392 SWU6043WC
SW64492 SWUG6044WC
IHSS 142 12 SED64592 SD60045WC 00-115
W&I POND SED64692 SD60046WC 00"-220"
SED64792 SD60047TWC 00"-50
SED64892 SD60048WC 00" 110




TABLE 2 2-2
OU6 PHASE I POND WATER AND SEDIMENT SAMPLING SITES,

SAMPLE NUMBERS AND SEDIMENT SAMPLE DEPTHS

SAMPLING SITE SAMPLE
ITHSS NUMBER NUMBER DEPTH INTERVAL

SED64992 SD60049WC 00 70
SW64592 SWU6045WC
SW64692 SWU6046WC

THSS 142 12 SW64792 SWU6047WC

(continued) SW64892 SWU6048WC
SW64992 SWU6049WC

VOCs Volatle Organic Compounds

SVOCs Semu Volatile Orgamc Compounds

NO2/NO3 as N Nitrate/Nitnte as N
TOC Total Organic Carbon

Rads Radionuchdes

H3 Tritium

MS/MSD Matrix Spike / Matrix Spike Duplicate
LR Lab Replicate (Radiochemustry Only)
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30
PHYSICAL CHARACTERISTICS OF 0OUé6

This section describes the physical characteristics of RFETS and QU6 Included are
discussions of physiographic features demography and land use meteorology and
climatology soils geology, hydrogeology, surface water, and ecology

31 PHYSIOGRAPHIC FEATURES
311 Regional

RFETS 1s located at an elevation of approximately 6 000 feet above mean sea level (MSL)
on the western margin of the Colorado Piedmont section of the Great Plains Physiographic
Province (Fenneman 1931) The Colorado Piedmont ranges from an elevation of 4,000 feet
MSL 1n the east to an elevation of 7 000 feet MSL 1n the west The piedmont merges to the
east with the High Plains section of the Great Plains Province and 1s terminated abruptly on
the west by the Front Range section of the Southern Rocky Mountain Province

The Colorado Piedmont 1s an area of dissected topography and denudation representing an
old erosional surface along the eastern margin of the Rocky Mountains The piedmont
surface 1s broadly rolling and slopes gently to the east with a topographic relief of only
several hundred feet This relief 1s due both to resistant bedrock units that locally rise above
the surrounding landscape and to the presence of incised stream valleys Major stream
valleys that transect the piedmont from west to east have their origin in the Front Range
Small local valleys have developed as tributaries to these major streams within the piedmont

The eastern margin of the Front Range, a few miles west of RFETS 1s characterized by a
narrow zone of hogback ndges and flatirons formed by steeply east-dipping strata, such as
the Dakota Sandstone (Cretaceous) and the Fountain Formation (Permian and Pennsylvanian)
Less resistant sedimentary units were removed by erosion Approximately 15 miles west of

the hogback nidges and flatirons the Front Range reaches elevations of 12,000 to 14,000 feet
-
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above MSL The range itself 1s broad and underiain by resistant gnesss, schist, and gramti¢
rocks of Precambnan agé The resistant nature of these rocks has restricted stream erosion
so that deep narrow canyons have developed in the Front Range

Several pediments were developed across both hard and soft bedrock in the area of RFETSr
during the Quaternary penod (Scott 1963) The Rocky Flats pediment 1s the most exteil:s:vf
of these, forming a broad flat surface south of Coal Creek The broad pediments and narro
terraces are covered by thin alluvial deposits of ancient streams that once drained eastwar(
into the Great Plains The sequence of pediments reflects repetitive physical pgoébssesis
assoctated with cyclic changes in chmate Each erosional surface and stratigraphic seqémc+
deposited on 1t probably represents a single glacial cycle The oldest and highest pedlmem{,
the Subsummut Surface (Scott 1960), truncates the hogback ndges of the Front Range Thre#
successively younger pediments, veneered by alluvial gravels (including the Rocky jFlatJii
Alluvium), extend eastward from the mountain front Erosion of valleys into the peduéhent‘if
followed each depositional cycle so that near the mountain fronts, stratigraphically younge
geologic units occur at topographically lower elevations as narrow terrace deposits aloxig thi
streams These alluvial deposits in the OU6 area are ;'lescnbed m Section 351 I

The secunty area of RFETS 1s located on a relatively flat surface of Rocky Flats Allulvn !
(Figure 3 1-1) The pediment surface has been eroded by Walnut Creek on the porth :3
Woman Creek on the south subsequently, terraces along these streams range in helght,fro

50 feet to 150 feet The grade of the gently eastward-sloping surface of the Rocky Flat&
Alluvium vanes from 0 7 percent in the secunity area of RFETS to approximitely 2 pegcmt
Just east of the security area

312 Operable Unit No 6

The OU6 study area covers approximately 1,061 acres, consisting of east-west tretldmg
valleys and ndges Three east-flowing drainages cross the QU6 site an unnamed tnbntary
North Walnut Creek and South Walnut Creek (Figure 1 3-2) All three drainages meet n

the eastern border of OU6 to form Walnut Creek Two east-west trending nidges, borde::l
by these three drainages, terminate west of the confluence of the three drainages T
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The OUG6 area 1s bounded by the unnamed tributary on the north Indiana Street on the east,
the South Walnut Creek drainage on the south and the RFETS complex and Landfill
(IHSS 114) on the west (Figure 3 1-1) The topography generally slopes from west to east,
with elevations varying from 5,973 feet to 5,636 feet MSL

32 DEMOGRAPHY AND LAND USE
321 Demographics

Demographic information described below is primarily taken from "1989 Population,
Economic, and Land Use Data for Rocky Flats Plant" (DOE 1990b), developed by the Denver
Regional Council of Governments (DRCOG) This DRCOG study encompassed a 50-mile
radius area from the center of RFETS and included all or part of 14 counties and
72 incorporated cities with a 1989 combined population of 2,206 550

RFETS 1s located 1n a rural area of unincorporated Jefferson County approximately 16 miles
northwest of Denver and approximately 10 miles south of Boulder RFETS is situated on a
6 550-acre parcel of federally owned land The security area of the facility 1s located in the
approximate center of the parcel and 1s surrounded by a buffer zone of approximately 6,150
acres The area west of RFETS 1s mountainous and sparsely populated The area east of
RFETS 1s generally a high and plain and 1s densely populated The majonty of the
population included in the DRCOG study 1s located within 30 miles of RFETS, to the east
and southeast in the Denver metropolitan area The majonty of the development of the plains
to the east of RFETS has occurred since the plant was built

Within a 6 4-mile radius of the center of RFETS there 1s little residential or commercial
development Between 4 and 10 miles, development increases, with approximately 316,000
residents within a 10-mile radius The most significant development exists to the southeast
in the cihes of Westminster Arvada, and Wheat Ridge The cities of Boulder, to the
northwest Broomfield Lafayette and Lowsville to the northeast and Golden to the south
also contain significant developments within this 10-mile radius (DOE 1990b)

Recent population estimates registered by DRCOG for the eight-county Denver metropolitan
area display distinct growth patterns Between 1980 and 1985 the population of the
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metropolitan area increased by 197,890, a 2 4 percent annual growth rate Between 1985 and
1989, a population gain of 71 575 was recorded, representing a 1 0 percent annual increase
(the national average) The 1989 population showed an increase of 2,225 (or 0 1 percent)
over the previous year (DRCOG 1989)

The DRCOG study also projected populations through the year 2010 Figure 3 2-1 (DOE
1990b) illustrates the 1989 residential population found within a 5-mile radius of RFETS
The 2010 projected residential popalahon 1s illustrated in Figure 3 2-2 (DOE 1990b)
Sectors 1 and 2 represent land within the RFET S boundary Sectors 3, 4, and § represent
property outside the RFETS boundary Radial Segments E and F are the general area of
OU6 Radial Segments D through I represent the predominant downwind and downs;tr
directions from the OU6 area Table 3 2-1 summanzes the 1989 and projected §201_
population data shown in Figures 3 2-1 and 3 2-2, as well as the 1989 and pro;ected? 2010
population for the region within the 5- to 10-mile radius of RFETS The lnforthau+
presented 1n Table 3 2-1 indicates that zero population growth 1s projected for the néxt 2}0
years in the areas immediately adjacent to the RFETS boundary (Sector 3) '

Eight public schools are within six miles of RFETS The nearest school 1s Witt Elem;nmqiy
School, which 1s approximately 2 7 miles east of the RFETS buffer zone (DOE 1991c)
There are 93 schools, 8 nursing homes, and 4 hospitals within a 10-mile radius of RFETS
(DOE 1990b)

("]

The nearest drinking water supply is Great Western Reservoir, located approxnmate_:ly 2
miles to the east of the center of RFETS The City of Broomfield operates a water tres;f.tm t
facility immediately downstream from Great Western Reservoir This facility supph

dninking water to approximately 28,000 persons Standley Lake, a drinking water supply f r
the cities of Thornton, Northglenn, Westminster, and Federal Heights, 1s located 3 § mlles b
the southeast of RFETS 1n the Woman Creek drainage
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322 Off-Site Land Use
3221 Current Land Use

Current land use within a 10-mile radius of RFETS 1s descnbed in "1989 Population,
Economic and Land Use Data for Rocky Flats Plant" (DOE 1990b) In general, current land
use surrounding RFETS includes open space (recreational), agncultural, residential, and
commercial/industnial Open space (recreational) land includes an open space parcel to the
northwest owned by the City of Boulder Golden Gate State Park to the west White Ranch
Park to the south Standley Lake Park to the southeast and other open space lands to the
southeast associated with Westminster and Arvada The majonty of the agncultural land 1s
located to the northeast of RFETS Some agricultural land 1s also located east of RFETS
while parcels of range land are located to the southwest The majonty of residential land use
1s 4 to 10 miles to the southeast The primary commercial/industrial area within 5 miles of
RFETS 1s the Jefferson County Airport area Additional commercial/industnal areas within
10 miles of RFETS include areas in Westminster and Arvada to the east and south,
Broomfield to the east Lafayette and Louisville to the northeast Boulder to the northwest
and Golden to the south The northeastern Jefferson County and RFETS area 1s currently one

of the most concentrated areas of industrial development in the Denver metropolitan area.

Current land use 1n the area immediately southeast of OU6 includes all of the uses mentioned
above, with the predominant uses appearing to be open space single-family detached
dwellings and agrnicultural (livestock) operations Industnal facilities within 5 miles of
RFETS include the TOSCO Laboratory Thoro Products, the Great Western Inorganics Plant
which forms part of the Rocky Flats Industrial Park (2 miles south), the Western Aggregates,
Inc Plant (2 4 miles northwest), and the Jefferson County Airport and Industrial Park (a
990-acre site located 4 8 miles northeast)

3222 Future Land Use
Future land use 1s generally expected to follow existing land use patterns The North Plains
Community Plan (Jefferson County 1990) was prepared to serve as a guide to the county and

cities to achieve compatible land use and development decisions regardless of the
Junisdiction Jefferson County expects that industrial land uses will continue to dominate the
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northeastern portion of the county The plan 1dentifies RFETS and the Jefferson County
Aurport as constraints to future residential developments in the area, and recommends ofﬁc$
and light industnal development The plan further 1dent:ifies the acquisition of lands for Openil-
space uses as a high priority for the area, recommending that large amounts of undeveiopeT
land be provided for this purpose (Jefferson County 1990) : l

Maps presented in the North Plains Commumty Development Plan (Jefferson County 1990L
and the Jefferson Center Comprehensive Development Plan show that the predominant f—;ut\.lri
land uses to the south and southeast of RFETS will consist of commercial, industnal,

office space Directly to the east, the zoning and uses are expected to remain open-ﬂsfpac |
agncultural, or vacant The areas closest to RFETS are planned for industnal, wmmércnah!,
or office space, with the areas further from RFETS designated for residential developmeni
This planning is consistent with the projected zero residential growth rate in the next 20 yearis
for areas immedhately adjacent to RFETS (DOE 1990b) :

h¢ )

The cities of Broomfield and Superior have participated 1n the Jefferson County cooperativ
planning process and are planning busmess, industrial, and mixed land uses for the arelgnortl_l
of RFETS (Jefferson County 1990, City of Broomfield 1990, Boulder County 1991)
3.2.3 Onsite Land Use

3231 u Lan

RFETS production and maintenance activities occur in only 13 percent of the OU6 aﬂ#
Current activities in the QU6 area consist of environmental investigations, water detentloxi{,
treatment and testing, sludge treatment storage, and routine secunty surverilance :

Seven of the seventeen OU6 IHSSs within the buffer zone are not currently active Th :

include IHSSs 1671, 1673, and 2161 (North, South and East Spray Field iArea#,
respectively), THSSs 166 1 1662 and 1663 (Trenches A, B, and C respectively), anld
IHSS 156 2 (So1l Dump Area) Ten of the IHSSs within the buffer zone are currently in us

Nine of these are detention ponds (IHSSs 142 1-142 9), which are currently being used qo
control runoff and detain water before being released into Walnut Creek IHSS 142 12 is
used as a final water quality check point, prior to release of water off site
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THSSs 141 143 and 165 are inside the PA of RFETS Paved patrol roads traverse part of
THSS 141 IHSS 143 currently has several trailers located on 1t IHSS 165 1s currently a
storage area for miscellaneous matenals Approximately one-fifth of IHSS 165 and a small
portion of IHSS 141 are located 1n a protected zone which i1s 100-feet wide and has an inner
and outer fence The PA secunty fence zone 1s inaccessible

3232 Future Land Use

Occupation by private industry 1s being considered by DOE for the future use of the onsite
RFETS production area Areas of QU6 immediately adjacent to the industrial portion of
RFETS could be considered as part of future industnial development With the present open
space located nearby 1t 1s plausible that the buffer zone will be preserved as open space
Ecological surveys of the buffer zone performed in compliance with the Threatened and
Endangered Species Act and wetlands assessment may 1ndicate the presence of several hsted
species at RFETS  Because the buffer zone has not been impacted by commercial
development except for aggregate mining on the west side of the plant, the future use of this
area as an ecological preserve 1s feasible This type of site use 1s also consistent with the
Jefferson County Planning Department's recommendations for the provisions of large amounts
of undeveloped land in the area (Jefferson County 1990)

33 METEOROLOGY AND CLIMATOLOGY

The RFETS area has a semiand climate that 1s charactenstic of much of the central Rocky
Mountain region Table 3 3-1 presents the annual climatic summary compiled for 1993 (DOE
1993a) The annual precipitation at RFETS for 1993 1s estimated at 12 07 inches (DOE
1993a) Approximately 34 percent of the annual precipitation falls during the spring season,
and much of this precipitation 1s snow Thunderstorms (June to August) account for an
additional 22 percent of the annual precipitaton Autumn and winter account for 35 percent
and 9 percent of the annual precipitation respectively Snowfall averages approximately 65
inches per year and typically occurs from October through May (DOE 1993a)

Temperatures are typically moderate Extremely warm or cold weather is rare and of short
duration On the average dailly summer temperatures range from 52 to 76 degrees
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Fahrenheit, and winter temperatures range from 18 to 39 degrees Fahrenheit The low
average relative humidity (42 percent) 1s due to the blocking effect of éhe Rocky Moumamd;lr
The wind flow around RFETS 1s strongly influenced by the close proximity of the RockJ(
Mountains and High Plains, which produce a diumal cycle of wind patterns (upslope an
downslope) when there are no strong storm systems or synoptic patterns within the regmlj‘
The east-west trending canyons to the west of RFETS can further channel the local wmd
directions Nighttime wind directions generally flow downslope from the mountains to thé
plains, while daytime wind directions may flow upslope The South Platte River Valtey lL
the area for the confluence and divergénce of the airflow patterns for the region between th%
Front Range and the Denver Metropolitan area. Chmook windstorms may occur dnrmg thb
spring, as winds moving from west to east over the Continental Divide plunge down the eaﬁt
side of the mountain slepes

Table 3 3-2 1s an annual joint frequency distribution of the wind direction categonzed by si3
wind speed classes at RFETS, based on the pre-processed meteorological data for 199;

These data are presented as a wind rose in Figure 3 3-1 Compass point designations mi;incat; .
the true bearing when facing the wind (direction from which the wind flows) anure 33. E

shows that northwest winds are predominant at RFETS (DOE 1993a)
|
Pasquill-Gifford atmosphenc stability classes at RFETS were calculated using the SngmL
Theta method, which categonizes the class of stability as a function of the standard devxatloh
of honizontal wind direction by honzontal wind speed and time of day Table 3 3-2 prgsent]s
the 1993 RFETS meteorological data by stability indexes or classes The classes range?t—froﬂ:n
A to F, extremely unstable to moderately stable, respectively The D class represents neunjl
stability charactenistics The data show that unstable charactenstics (A through C) occ ir
about 25 percent of the tme Stable cases (E and F) occur about 32 percent of the tlmé
Thus neutral conditions (D) occur at RFETS approximately 43 percent of the time (DOE
1993a) o

34 SOILS

Soils within the QU6 area have been classified by the So1l Conservation Service, Departmerjit
of Agniculture (DOA 1980) The location and lateral extent of these soil types mthin the .
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OU6 area were digitized from Digital Line Graph (DLG) data from the Soi1l Conservation
Service (Digital ARC/Info Coverage provided by EG&G RFETSSOIL Coverage) and are
presented 1n Figure 3 4-1 Table 3 4-1 hists the major so1l units within the OU6 area, with
their classifications and properties

Most of the so1l series shown on Table 3 4-1 are classified within the Argiustoll great group
Arguustolls are generally characterized as well-drained sotls with dark-colored, humus-rnich
surface "A" honzons, argilhc "B" honzons, and calcic "C" horizons They exist 1n andic and
ustic (hmited moisture) regimes which are adequate for plant growth during the growing
season The two predominant subgroups are Torretic and Andic Torretic Argiustolls
typically have a higher shrink-swell potential than Andic Argiustolls (DOA 1980)

The predominant soil type within OU6 are clay loams of the Denver-Kutch-Midway group
(DOA 1980) These soils occur along the drainages of the unnamed tnbutary, South Walnut
Creek, and North Walnut Creek (Figure 3 4-1) Slope gradients for these soils range from
9 to 25 percent with the Denver and Kutch soils typically located on the hillslopes of the
drainages, while the Midway soils are found on the ndge crests The Denver clay loams
consist of deep well-drained, calcareous clay, silty clay and sandy clay matenal derived
primarnly from claystones siltstones and sandstones The Kutch soils are moderately deep,
well-drained, calcareous clayey alluvium and colluvium denved from claystones, siltstones,
and sandstones and from Rocky Flats Alluvium (RFA) and terrace alluviums The Midway
clay loams are shallow well-drained calcareous clayey matenal derived from RFA These
sotls have low permeability and infiltration rates which result in a severe water eroston

hazard

Within the flood plain near the confluence of the Walnut Creek drainages the Englewood
clay loam 1s the predominant soi1l type (Figure 3 4-1) The Englewood clay loam 1s deep and
well drained, consisting of calcareous clayey alluvium denved from claystones, siltstones, and
sandstones and from RFA and terrace alluviums in the OU6 area (DOA 1980) This soil
forms flat (0 percent) to moderate (5 percent) slopes in the Walnut Creek confluence area,
with an associated slight water erosion hazard Shrink-swell potential for these soils tends
to be high
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The North Walnut Creek drainage upgradient of the Pond A-3 dam and associated terraces
(0 to 3 percent slopes) are covered by the Haverson loam (Figure 3 4-1) This soil type 1
also present in the area of the Walnut Creek-McKay Ditch confluence The Haverson lo.

1s a deep, well-drained, stratified alluvium derived from RFA and terrace alluvmms; ;‘1
bedrock claystones, siltstones, and sandstones (DOA 1980) The nfiltration rate and
permeability for this soil 1s slow and moderate/slow, respectively This sol type 1s associat
with slight water erosion hazards and low shrink-swell potential

The Leyden-Primen-Standley cobbly clay loams (15 to 50 percent slopes) have linited area‘
extent on the northern hillside near Pond B-5 in the South Walnut Creek Drainagé
(Figure 3 4-1) The Leyden-Primen-Standley senes 1s denived from RFA, terrace allwwaum
and bedrock claystones The sotl consists of clayey, gravelly, stony and cobbly matenal
which constitute clayey, montmonllonitic, mesic Andic Argiustolls This series dlsplgys a
slow infiltration and a slow permeabiltty, severe water erosion hazard, and moderate to high
potential for shrinkage-swellng Leyden soils are moderately deep and well-drained
consisting of calcareous, cobbly and clayey matenal The Primen soils are shallow and well4
drained Standley soils are deep and well-drained (DOA 1980)

The Flaurons very cobbly sandy loams (0 to 3 percent slopes) are only found on ndge topsi
that consist predominantly of RFA IHSSs 1671, 1661, 1663, 165, and 1562 are ali
charactenzed by this soil type The Flatirons soil 1s deep and well-drained, and 1s form&d m!
non-calcareous cobbly, stony, gravelly, and loamy matenal of the RFA Slow mﬁltratloni
rate slow permeability, shght water erosion hazard, and a moderate shnnk-swell potentngl arel
associated with this soil type S

The Valmont soil type 1s found in IHSS 216 1, on the ridge north of South Walnut Creek
above Ponds B-3 and B-4 (Figure 3 4-1) This soil consists of deep, well-drained clay lioam
denved from RFA and formed in calcareous clayey alluvium underlain by calcareous, very!
cobbly or very gravelly matenial Valmont soil has a slow infiltration rate, slow to moderate
permeability, shight water erosion hazard, and vanable shrink-swell potential !
The Nederland soil skirts the Flatiron soils along the ndges and hillsides of the QU6 area and
conststs of very cobbly sandy loam which forms stopes of 15 to 50 percent This soil 1s Qeep
and well-drained, and formed 1n cobbly, gravelly and loamy alluvium derived from the RFA
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and terrace alluviums This soil has moderate permeability and infiltration rate, a severe
water erosion hazard, and low shrink-swell potential

35§ GEOLOGY

This section presents general descriptions and interpretations of the surface and bedrock
geology of the OU6 area Specific geologic descriptions, hydrogeology, and surface water
features of each QU6 IHSS and how each relates to the site-wide QU6 geology are discussed
in Section 39

Geologic information and interpretations presented in this section use data gathered from
historical (alluvial and bedrock), Phase I and other ongoing investigations Information on
the regional geology of the Front Range and the area surrounding RFETS 1s included, when
needed to assist in the understanding of the local geology

Geologic data obtained from the Phase I OU6 investigation were compared to and
supplemented with data from previous studies The previous studies referenced are as

follows

. Geotechnical Engineering Report for Geotechnical Analysis of Earthen Dams
A-3, B-1, B-3, and Landfill Dam, RFP (EG&G 1993a)

. Phase II Geologic Charactenization Data Acqusition Surface logi

Mapping of the Rocky Flats Plant and Vicinity, Jefferson and Boulder
Counties, Colorado (DOE 1992¢)

J First Intennim _Report of Field Activiies, Vadose Zone Monitoring, Sanitary
Treatment Plant Sludge Drying Beds, Buildings 910 and 995 (DOE 1993b)

Geologic interpretations in this section use both surface and subsurface data control
Subsurface stratigraphic control was obtained from lithologic logs of core or cuttings collected
during the dnlling of borings and installation of monitoring wells Pre-1991 core and/or
cuttings were logged according to a visual geologic protocol (DOE 1991d) Post-1991 core
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and/or cuttings were logged systematically and uniformly according to SOP GT 01 (EG&(
1992a)

The OUG6 Phase I survey data and ARC/Info Coverage data for the field site locations are
contained in Appendix C1 Appendix C2 contains the lithologic logs for the OU6 Phiase |
borings, wells, and soil cores Stratigraphic data obtained from these-hithelogic logs
presented on Table 3 5-1, and locations of the borings and wells are shown on Figures 3 5-
and 3 5-2 The OU6 Phase I monitoning well installation data are listed on Table 2.1-8 .
|
The hthologic logs of OU6 borngs and monitoning wells drilled prior to the OUG6 Phase *
investigation are contained in Appendix C3 Appendix C3 also contains lithologiclogs (’Wheﬂ
applicable) of borings and monitoring wells drilled in QUs 2, 4, and 7, concurrently wnh th¢
QU6 Phase I field inveshgation Stratigraphic information obtained from the llthologw log*
contained in Appendix C3 are presented on Table 3 5-2 The locations of histoncal borehole+
and monitoring wells used 1n this study are shown on Plate 3 5-1 : :
. I
Additional soil grab samples (11 total) were obtained from various IHSSs speclficalh:’,' fo}
grain size analyses These samples were classified according to SOP GT 01 and the result$

of the analyses are presented on Table 3 5-3 .

Pond sediment cores collected during the OU6 Phase 1 field investigation were classified 11
the field by visual inspection according to the USCS The pond sediment soil classifications
are presented 1n Table 3 5-4 and the core hthologic data are contained in Appendix C4

The surface geology of OU6 is presented on Plate 35-2 Surface geologic control was
obtamed from field geologic mapping of surface deposits, bedrock outcrops, and air photq
interpretation, as discussed in Section 21 54 Figure 3 5-3 illustrates the local stratlgriphmi
column pertinent to the OU6 area. Shallow stratigraphic units occurring within OU6 conslst
of the Cretaceous Laramie (KI) and Arapahoe (Ka) Formations, Quatermary Rocky Flatq
Alluvium (Qrf), High Terrace Alluvium (Qt) Valley-Fill Alluvium (Qvf), colluvium (Qc)1
landslides (Qls) These stratigraphic units are shown on Plate 3 5-2 using the abbrevmlonsi
listed above QIls and man-made deposits (af) Man-made deposits include disturbed ground
and artifieial fill
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Bedrock of the Laramie and Arapahoe Formations 1s exposed in the valleys that have been
incised by the three east-flowing creeks (North Walnut and South Walnut Creeks and the
unnamed tributary to Walnut Creek) RFA caps the east-west trending mesas adjacent to
these drainages Most of the hillsides are covered by Quaternary colluvium that consists of
matenial from bedrock and RFA Successively younger terrace deposits occur at lower
elevations on broader, flatter slopes along the hillsides Additionally, many landshdes occur

along the hillsides

Stratigraphic units that have greater relevance to OU6 (1 e, Laramie, Arapahoe, Rocky Flats
Alluvium, Valiey-Fill Alluvium, colluvium, landshdes, and man-made deposits) are discussed
below 1n greater detail High Terrace Alluvium was not encountered 1n dnlling or sampling
during the QU6 Phase I field investigation, however, one historical well, 1886 (Plate 3 5-1)
did encounter High Terrace Alluvium High Terrace Alluvium will only be discussed
generally to assist in an overall understanding of the QU6 area

351 Unconsohidated Surface Geologic Units

Unconsohdated surface geologic units of QU6 consist of Quaternary Rocky Flats Alluvium,
High Terrace Alluvium Valley-Fill Alluvium, colluvium landshides, and man-made deposits
that consist of disturbed ground and artificial fill Plate 3 5-2 illustrates the distnbution of
the unconsolidated surface deposits in the OU6 study area  Stratigraphic and time
relationships between the various alluvial deposits are diagrammatically illustrated in
Figure 3 5-4 Alluvial deposits include the Pleistocene-age Rocky Flats and High Terrace
alluviums, and Pleistocene to Holocene-age Valley-Fill alluviums A diagrammatic cross
section of these alluvial deposits 1n the vicinity of RFETS 1s shown 1n Figure 3 5-5 Hillslope
deposits consist of Holocene-age colluvium and landshdes Figure 3 5-6 1s a schematic
geologic cross section illustrating a conceptual model of the terrace deposits along South
Walnut Creek Geologic cross section A-A' (Figure 3 5-7) which traverses the three QU6
drainages shows the relationships of the unconsolidated surface units to each other and
underlying bedrock units Unconsolidated surface geologic units are described below in

detail followed by a discussion of bedrock units
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The RFA 1s the topographically highest and the oldest alluvial deposit within the QUG6. ar
The RFA 1s generally 10 feet to 50 feet thick although 1t 1s as much as 100 feet thlck w
of RFETS According to Scott (1960) RFA 1s believed to be Pleistocene (Nebnsknn

Aftoman) in age (Figure 3 5-4) The RFA was deposited as large laterally coalescing alluvial ;-

fans along the base of the adjacent mountain front (Hurr 1976) These alluvial fans spr
eastward over an extensive unconformity or erosional pediment surface that extanded
eastward from the mountain front Regionally, the pediment surface slopes gently eastwar*i
toward the plains, yet locally 1t can be quite irregular with relief of as much as 50 fee{t
(Malde 1955, Hurr 1976) Ths local relief 1s attributed to a well developed networle of Westi-
to east-trending paleostream drainages incised into the pediment surface beneath the alluv:urp
(DOE 1991d) Although these paleostream drainages can be determined in other areas ok
RFETS that have been intensively investigated (1 e, OU2), these paleostream d;amages ar#
not as well defined 1n OU6, due to imited subsurface control !
I
The RFA beneath and in the vicinity of RFETS was deposited in an alluvial fan ﬁ14t
onginates at the mouth of Coal Creek Canyon west of the plant (Malde 1955) Fan deposnts
can be traced eastward from the mouth of the canyon for approximately 7 miles This cféposn
and underlying pediment surface have been subsequently dissected by stream erosion ;long
the present drainage systems, leaving remnants of the deposit now capping the mesas betwee?
the drainages

The RF A consists pnmanly of poorly-graded to well-graded clayey gravels, sandy graveis anﬂ
silty gravels ranging from fine gravel up to 2-inch-diameter cobbles in core samples (2-1nc1\
ID sphit-spoon core), and up to 3-foot-diameter boulders observed in the field The ﬁraveél
1s subrounded to angular and 1s composed predominantly of quartzite and schist Grairellyé,
clayey, and silty sands are also present in the alluvium, and are moderately sorted to weil
sorted, with rounded to angular grains of predominantly quartz, quartzite, and schist Céhchlb
(calcium carbonate precipitate) s commonly present as a coating on gravel and sand gtams,
as well as disseminated throughout the RFA In some areas, caliche deposits make up as
much as 40 percent of the core recovered Table 3 5-5 lists boreholes and monitoring ,well,L
that penetrated RFA 1n the QU6 area. Lithologic vanations within the RFA are shown otfl
the lithologic logs (Appendixes C2 and C3) for the borehole and wells histed on Table 3 S-i
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3512 High Terrace Alluvium

Terrace and Pediment alluviums located topographically below the RFA on the hillsides and
shghtly broader flat areas, and are mapped together as High Terrace Alluvium (Figure 3 5-4)
These terrace deposits are Pleistocene (Kansan to Wisconsin) 1n age and are further
differentiated into the Verdos and Slocum Alluviums (Scott 1960) (Figure 3 5-5) Terrace
deposits were formed duning interglacial episodes when channels were carved into the upper
alluvium by stream runoff leaving younger terrace deposits at lower elevations (Hurr 1976)
Erosion by cross-drainages along the hillsides has dissected the terrace deposits, leaving only
remnants of formerly laterally-extensive deposits Where a remnant 1s relatively large or wide
(perpendicular to the hillside), the deposit displays a relatively flat top with adjoining steep
flanks (Figure 3 5-6) Where a remnant 1s small in extent, the deposit displays a knoll or
mound morphology Some terraces have been almost completely eroded a flat erosional
surface with some surface gravels represents the only signs or remnants of the terrace

Lithologically, High Terrace Alluvium deposits exhibit a distinct, fining upward sequence of
Iithic units  This vertical stratification distinguishes these deposits from the surrounding non-
stratified colluvium or slopewash High Terrace Alluvium deposits observed in the field
usually consist of a basal unit of clayey or sandy gravel overlain by sandy clay clayey sand
or an interbedded sequence of both Gravel 1s subangular to rounded and ranges in size from
pebbles to boulders Clays and sands commonly contain carbonaceous matter and roots
Caliche commonly occurs throughout the deposit Predominant colors of browns and yellow-
browns reflect heavy oxidation Less frequently occurring colors consist of grayish browns,
brownish grays, and pale orange The only well (1886) that penetrated High Terrace
Alluvium 1n the QU6 area 1s listed on Table 3 5-6 (see Appendix C3 for lithologic log)

3513 Valley-Fill Alluvium

Valley-Fill Alluvium as defined 1n this report 1s Quaternary (Wisconsin to Holocene) age
alluvium that occurs within and adjacent to the present drainages (Plate 3 5-2) This
designation includes alluvium forming low (less than 40 feet above the creeks) terraces along
the drainages The age and stratigraphic relationships between these terraces 1s illustrated in
Figure 3 5-5 Alluvium that may occur within the Valley-Fill designation used 1n this report
include Louviers, Broadway, Pre-Piney Creek, Piney Creek, and Post-Piney Creek Alluviums
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Pond sediments within the drainages are also included within the Valley-Fill Alluviuth

designation

Valley-Fill Alluvium is denived by the reworking and redeposition of RFA, High Terrace
Alluvium, colluvium, and bedrock units exposed along the adjacent hillsides Valley-Filt-
Alluvium within the pond IHSSs (1421-9, and 142.12) consists of pond sedimen
(Appendix C4) Valley-Fill Alluvium ranges from 30 feet to 550 feet wide within th
drainage for the A-Senes Ponds The Valley-Fill Alluvium deposits are more narro
confined (20 feet to 250 feet wide) along South Walnut Creek upstream from Pond Béf, an
within the unnamed tributary At the confluence of Walnut Creek, Valley-Fill Alllévm
covers a broad plain adjacent to the creeks Where this broad plain 1s formed, the low tan'ac
alluviums named above are recognizable : i
|

Where penetrated by boreholes, Valley-Fill Alluvium ranges m thickness from less than 1 fi '
to 10 5 feet 1n the unnamed tributary, less than 1 foot to 12 5 feet in North Walnut Cr:j
55 feet to 105 feet i South Walnut Creek, and 0 5 feet to 14 7 feet 1n Walnut CreelJ
Lithologically the Valley-Fill Alluvium consists predominantly of interbedded gravelly md#
and sandy-to-clayey gravels The gravel is subangular to subrounded and ranges 1n sizeé fron:t
fine gravel (noted in drill core samples) to boulders (observed 1n the field, 1n excavations anh
roadcuts) Clay, silty to sandy clay, and clayey to silty sand occur in lesser amé

Gravels and sands are predominantly yellow-brown 1a color Clay colors are olive- to yeilow|-
gray gray-brown and dark yellow-brown i

Figures 3 5-8 (B-B') and 3 5-9 (C-C') are geologic cross sections of Nerth Walnut Creek and
South Walnut Creek drainages, respectively These cross sections illustrate the relatlo&shlpt
between the unconsohdated surface geologic umts and underlying bedrock unmits m thft
drainages Boreholes and monitoring wells that penetrated Valley-Fill Alluvium 1n the OU$
area are listed in Table 3 5-7 Lithologic vanations within the Valley-Fill Alluvmm ar&
shown on the lithologic logs (Appendixes C2 and C3) for the boreholes and wells llsted ork
Table 3 5-7 :
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3514 Colluvium

Colluvium 1s defined as unconsolidated geologic matenals that are predominantly deposited
on slopes or at the base of slopes by the transporting action of rainwash, sheetwash, or slow
continuous downslope creep (Bates and Jackson 1980) Colluvial deposits at OU6 overlie the
eroded bedrock surfaces on the hillsides (Figure 3 5-7) Colluvium within the QU6 area 1s
Holocene 1n age (Figure 3 5-4) and 1s the most commonly occurning surface deposit covering
the hilisides of the three OU6 drainages (Plate 3 5-2)

Lithologically, colluvium consists predominantly of clay, silty clay and sandy clay The
source of this material 1s the claystones, siltstones and sandstones of the Arapahoe and
Laramie Formations that underlie the hillsides Most of the above lithologies encountered in
boreholes contain some (less than 15 percent) gravel and cobbles scattered throughout the
matenal as described on the hthologic logs (Appendixes C2 and C3) This coarse-size
material, where present, 1s derived from the Rocky Flats and High Terrace alluviums Less
frequently encountered lithologies include clayey sand gravelly clay (greater than 20 percent

gravel) and clayey gravel

Colluvium along and onlapping the base of the RFA is typically coarser than the colluvium
located further downslope, reflecting different source matenals Colluvium typically lacks
any apparent bedding structures and 1s poorly sorted, reflecting its deposition by gravity and
absence of sorting by running water

Caliche 1s common throughout the deposit, occurring as thin layers discrete nodules or 1s
disseminated Carbonaceous matter i1s also common in the near-surface portions of the
deposit The deposit 1s usually highly oxidized, which 1s evident by mottled colors of brown,
yellow brown and grayish orange Where the deposit 1s not highly oxidized gray and olive
gray colors probably reflect the oniginal color of the parent bedrock matenal Boreholes and
monitoring wells that penetrated colluvium in the QU6 area are listed in Table 3 5-8
Lithologic variations within the colluvium deposits are shown on the lithologic logs
(Appendixes C2 and C3) for the boreholes and wells listed on Table 3 5-8

The thickness of the colluvium in the OU6 area ranges from 1 8 feet to 10 feet The
thickness of the colluvium 1s controlled, in large part, by the shape of the underlying bedrock
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surface In areas of bedrock erosional lows occurmng along the sl@es, the colluvium 1§
thicker In areas where the bedrock surface occurs as a ndge, the colluvium 1s thinner

3518 Landsh

During the OU6 Phase I field investigation, a number of landshdes were 1dentified and
mapped 1n the QU6 area (see Plate 3 5-2) Several landslides are located on the nortH
hillside, adjacent to South Walnut Creek and on the south hillsides of North Walnut Cree
and the unnamed tnbutary These landshides exhibit evidence of mass movement of snrfac
soil and possibly bedrock matenals afong relatively distinct curved shp surfaces Areps o
hummocky topography reflect downslope creep of surface soils with no observable headw :*

scarp

|

|
Due to the absence of subsurface control, the extent of bedrock involvement 1s unknowni
Detachment scarps are usually developed along the head areas of landshde features Wlthll‘*
the OU6 area, some landslides exhibit multiple scarps suggesting sequential movement, whilée
other landslides show relatively fresh (non-vegetated and mozst) scarp faces suggesting récen*
movement Vertical displacement along these scarps was observed to be from approxlmatelyl

one to four feet

Landslides on the south hillside of South Walnut Creek are usually located.downslope fron{
the alluvial or bedrock groundwater discharge areas The discharge of groundwater mcreased:
the water saturation within downslope soils which, in turn, leads to shear failure of &4
material Some landshdes on the north hillside of North Walnut Creek are also lotated
downslope from groundwater discharge areas, while other landshde features occur at lc::we\*I
elevations near the creek

3516 Man-made Deposs |

Man-made deposits or artificial fill within the OU6 area, were 1dentified using mformatlod
from historical reports, aenal photographs of the QU6 area for the years 1964, 1971, fi978jI
1980, and 1986 field mapping of deposits during January 1994, and a geophysical EM-3 1
survey conducted in the Fall 1992 (Se¢tion 2 2 6) Several areas in OU6 within and ouitsndA
of IHSS boundanes have fill matenal Disturbed ground within OU6 consists of areas v@herﬁ!
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surface soils have been removed, graded or otherwise disturbed during construction or
interim remedial activities Three general categories of man-made deposits have been
identified reworked soil, debris dumps and imported fill The locations of these deposits
within OU6 THSSs are shown on Plate 3 5-2 Specific areas of man-made deposits are
discussed 1n Section 3 9 Other areas outside the boundanes of OU6 IHSSs that have had soil
removed have been graded or are otherwise disturbed are shown in Plate 3 5-2

Matenal used in the construction of the dams for the A and B-Senies Ponds consists of
aggregate and soi1l (DOE 1992b) Figures 3 5-8 and 3 5-9 (cross sections along North and
South Walnut Creek drainages) 1llustrate locations and apparent construction matenal of the
dams Discussion of the construction of the dams for the A and B-Senies Ponds 1s found 1n
Sections 3922 and 3932

Boreholes and monitoring wells that penetrated man-made deposits 1n the QU6 area are listed
in Table 3 5-9 Lithologic variations within the man-made deposits are shown on the
lithologic logs (Appendixes C2 and C3) for the boreholes and wells listed on Table 3 5-9

352 Bedrock Geology

Shallow bedrock geologic units within QU6 consist of Cretaceous age claystones, siltstones,
and sandstones of the Arapahoe Formation and the upper portion of the Laramie Formation
Scattered outcrops are exposed as a result of stream incision along the North Walnut Creek
South Walnut Creek and the unnamed tributary drainages (Plate 3 5-2) The Arapahoe and
Laramie bedrock units underlie the unconsolidated surface deposits encountered in OU6
(Figures 3 5-7 through 3 5-9)

The current stratigraphic classification of the sandstones encountered at RFETS 1s based on
depositional environment determination and age-dating critenna Therefore, sandstones, when
present 1n the bedrock sequence, were used to clanfy the contact between the Arapahoe and
Laramie Formations Previous investigations have proposed differing geologic ages for
bedrock units within the QU6 study area These past nomenclatures and age assignments are
briefly discussed here along with the bedrock designations used in this report in order to

clanify the current interpretation
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The 1991 Geologic Charactenzation Report (DOE 1991d) defined i least five map‘pabh
sandstone intervals within the shallow bedrock beneath RFETS This report designated thesq:
intervals as Sandstones No 1 through No 5, with Sandstone No 1 being the shallowe#t
interval and Sandstone No 5 being the deepest The sandstones were descnibed as lennculi
in geometry and discontinuous The base of the Upper Cretaceous age Arapahoe Formatio
was tentatively placed at the bottom of the No 5 Sandstone This designation made th+
Arapahoe Formation approximately 150 feet thick in the central portion of RFETS E |
I
The 1992 Phase H Geological Charactenization Report (DOE 1992‘g wiis intended to "resole|
inconsistencies among previously pubhshed geologic maps with fegard to stratigraphic an
structural interpretations " This report defined the Arapahoe/Laramue contact at the bse of
the No 1 Sandstone based on the study of measured sections, geologic mapping,
sedimentary petrology Specifically, the report designates the base of the Arapahoe Formitwj
as the base of a coarse sandstone with chert pebble conglomerate in the Golden area (DOli
1992¢) This revised contact desiggation results in an estimated Arapahoe Form:_atioq
thickness of 15 to 25 feet in the central portion of RFETS  Discussion of bedrock gedlo
in the OU6 Phase I report will use this revised contact between the Arapshoe and me
Formations, as designated 1n the 1992 report (DOE 1992c)

A1

Additionally, in 1992, a palynologic study of bedrock core samples from the RFETS site waq
undertaken (DOE 1993¢) The study analyzed spores, pollen, dinofldgellates, and acntarch ;
(manne plankton) collected from the bedrock matenals for determination of ageE anj
environments of deposition This study has tentatively age-dated the geologic units dnrectly
beneath the No 1 Sandstone as lower to middle Maastrichtien in age (1 ¢ , part of the Lsrilmd
Formation) Analysis of samples collected from the No 1 Sandstone, adjacent, andd overlymg'
claystone units did not yield definitive age dates for these units “%mese study results tend to
support the revised (DOE 1992c) Arapahoe/Laramie contact designation The study results:
also mdicate a fluvial environment for the Arapahoe No 1 Sandstone and a shallow mmn4
or brackish marme water depositional eavironment for the Laramie sandstones (No 2 through
No 5) The base of the Arapahoe Formation 1s considered to be the No 1 Sandstone wnth.
 the underlying claystones and siltstones designated as Laramie Formation :

In this report, sandstones encountered in outcrop and dnll core collected during the OU6
Phase I investigation are classified as either Arapahoe No 1 Sandstone or as Laramie
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formation sandstones based on lithologic charactenistics and the dip projection of top of
bedrock elevations (approximately 15 degrees east) of Arapahoe No 1 Sandstone from
nearby areas Where the Arapahoe No 1 Sandstone was not encountered, no formation
designation was assigned to claystones or siltstones due to the difficulty in determining the
age of the units (DOE 1993c) Discussions of sandstone bedrock encountered 1n specific
IHSSs are included 1n Section 3 9

3521 Claystones, Siltstones and Sandstones

Within the QU6 area, claystones, siltstones, and sandstones constitute the major bedrock
lithologies  Claystones are predominant and consist of varying degrees of sandy/silty
claystones and claystones with minor sand and silt (<20 percent) Claystones subcrop within
30 feet of the surface in the QU6 area and vary from unweathered (gray to olive-gray) to
extremely weathered (yellow and yellow-orange) strata with 1ron-stained and caliche-filled
fractures Siltstones occur less frequently and consist of clayey siltstones and siltstones with
less than 20 percent sand and/or clay The siltstones vary from unweathered (gray to olive-
gray) to extremely weathered (yellow and yellow-orange) strata Boreholes and monitoring
wells that penetrated Upper Cretaceous claystone and/or siltstone in the QU6 area are listed
on Table 3 5-10 Lithologic variations within the Cretaceous claystone/siltstone interval are
shown on the lithologic logs (Appendixes C2 and C3) for the boreholes and wells histed on
Table 3 5-10

Previously mentioned site-wide studies (DOE 1991d, DOE 1992¢ and DOE 1993c¢) state that
the Arapahoe No 1 Sandstone was deposited 1n a fluvial environment as channel sands, point
bars and overbank deposits The No 1 Sandstone 1s predominantly a clayey sandstone, fine-
to medium-grained, well sorted, moderately to highly weathered (yellow and yellow-orange),
with a sharp contact occurring between this sandstone and underlying claystones

Outcrops of the No 1 Sandstone and the OU6 borings and momitoning wells which
encountered the No 1 Sandstone are shown on Plate 3 5-3 The No 1 Sandstone outcrops
occur along the roadcut within the western portion of IHSS 156 2 on the northemn and
southern hillsides below IHSS 216 1 and on the interfluve between North Walnut and South
Walnut Creeks east of IHSS 216 1 The top of the No 1 Sandstone occurs at an
approximate elevation of 5 910 feet in an outcrop north of IHSS 216 1 (Plate 3 5-2) In an
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outcrop south of THSS 216 1 (Plate 3 5-2), the base of the No 1 Sandstone occurs at ar
approximate elevation of 5,860 feet

Borings and monitoring wells dnlled or installed within OU6 IHSSs 165, 156 2, and 216 1]
(Plate 3 5-3) encountered the No 1 Sandstone in localized areas, thus revealing an incomplete
picture of the extent of this sandstone The top of the No 1 Sandstone was encountered u*
borings and wells at elevations ranging from 5,946 feet to 5,937 feet MSL, which correl

to the No 1 Sandstone elevations epcountered in QU2 and OU4 This correlatlon
supported by textural charactenstics and the similanty of the sharp contact between the No |
Sandstone and underlying claystones observed within QU2 (DOE 1993d) and OU6 - Nj
boreholes penetrated thie entire No 1 Sandstone interval within the OU6 area, thus thaffﬂo |
thickness of this sandstone unit 1s unknown However, the No 1 Sandstone i the OUQiared
was up to 48 feet thick (DOE 1993d) Further discussion of correlations for the Arapnhoe
No 1 Sandstone are presented 1in Section 3 9 :

Boreholes and monitoring wells that penetrated Arapahoe No 1 Sandstone in the 0U6§area|
are listed on Table 3 5-11 Lithologic-vanations within the Arapahoe No 1 Sandstone are
shown on the hithologic logs (Appendixes C2 and C3) for the boreholes and wells Ilstei(l on
Table 3 5-11 ‘

Sandstones encountered at stratigraphically lower elevations than the No 1 Sandstone, are
considered to be part of the Laramie Formation Limited information 1s available (based on
current subsurface control in the QU6 area) to evaluate the geometries and lateral contaiulty
of the upper Laramie sandstones, therefore, no correlations were made for upper Laramie
sandstones in this report The upper Laramie Formation, based on previous studies (DOE

of boring and monitoring well logs (hundreds of feet) Locations of borings/monitoring wells
that encountered the Laramie Formation and Laramie Formation outcrops are shown on
Plate 3 5-3 ' '

1991d DOE 1992c) consists predommantly of claystones and siltstones which dlréctly ’
underhe either the No 1 Sandstone or the surface deposits in the QU6 area Correlations:
between facies cannot be determined based on the distances between outcrops and loc:.al:ionsE
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3522 Top of Bedrock Surface

The top of bedrock surface within RFETS influences groundwater flow and consequently
contaminant migration pathways The bedrock geology, especially the top of bedrock surface
was characterized using available data from the QU6 Phase I field investigation, historical
data and ongoing investigations (Tables 3 5-1 and 3 5-2) Plate 3 5-3 shows the relief on top
of the bedrock surface underlying the surface deposits

Subsurface borehole control within the QU6 area 1s Iimited and 1s pnnmanly found in OU6
IHSSs where bedrock was encountered durning the field investigation The geometry of the
No 1 Sandstone and the bedrock surface are discussed 1n detail in Section 3 9 for each IHSS
Findings from the OU2 (DOE 1993d) and OU4 (DOE 1994f) RFI/RI Reports concerning the
No 1 Sandstone and the bedrock surface were incorporated, when appropnate, into the IHSS-
specific discussions (Section 3 9)

36 HYDROGEOLOGY

361 Regional Hydrogeology

The Denver Groundwater Basin underlies a 6,700-square-mile area in Colorado, extending
from the Front Range on the west to near Limon on the east and from Greeley on the north
to Colorado Springs on the south The center of the basin 1s located south of Bennett
Colorado, in western Arapahoe and Elbert Counties Alluwvial aquifers, 20 feet to 100 feet
in thickness, commonly occur 1n the valleys of large streams 1n the basin

The four major bedrock aquifers occurring 1n the Denver Basin from deepest to shallowest
are the Laramie-Fox Hills Aquifer the Arapahoe Aquifer the Denver Aquifer and the
Dawson Aquifer The Pierre Shale underlies these umts and, due to 1ts great thickness (up
to 8 000 feet) and low permeability (Robson et al 1981a and 1981b) 1s considered to be the
base of the four bedrock aquifers listed above Descrniptions of the Denver Basin bedrock
aquifers that exist beneath RFETS the Laramie-Fox Hills Aquifer and the Arapahoe Aquifer,
are presented below The Denver and Dawson Aquifers do not underlie RFETS
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Laramie-Fox Hills Aquifer

The Laramie-Fox Hills Aquifer 1s composed of the sandstone and siltstone units of the F
Hills Formation and the lower sandstone units of the Laramie Formation (Figure 3 5-3) Thlb
thickness of the aquifer ranges from 200 to 300 feet near the center of the¢ Denver Basi
(Robson et al 1981b) RFETS 1s located near the western boundary of ghe aquifer Thqb

of the aquifer dips steeply to the east in the area-west of RFETS and then 2 to 3 degrees
the east beneath the site The upper Laramie Formation, which separates the unoonsohdat \
Quaternary water-beaning umits m OU6(Section 3 6 2) from the underlying Laramin—Fox;lhll
Aquifer, consists of several hundred feet of claystones, siltstones, and some clayey or s:l
sandstones with occasional coal layerg (DOE 1992c¢) o

In outcrop and shallow subcrop areas, recharge to the Laramie-Fox Hills Aquifer occ{lrs
mnfiltration of incident precipitation and as mfiltration of groundwater from shallow al&m |
aquifers respectively Outcrops of the Laramie and Fox Hills Formations, in clay pits:w |
of RFETS, are believed to be recharge areas for the aquifer (Rockwell 1987b) Tow&igl th*
interior of the basin downward leakage may also occur through the upper Laramie Formation .
from the overlying Arapahoe agquifer (Robson et al 1981b) Recharge to the Laramxe-Fo’k
Hills Aquifer from vertical leakage through the upper Laramie 1s expected to be mimmal at
RFETS due to the substantial thickness of claystones and siltstones of the upper Lammw'

Formation

On a regional scale groundwater in the Laramie-Fox Hills Aquifer flows from ougcrop
recharge areas toward the center of the basin In the vicimity of RFETS, groundwater flow
1s generally from west to east (Hurr 1976)

Arapahoe Aquifer

In the central part of the Denver groundwater basin, the Arapahoe Formation consists. of q
400 to 700 foot-thick sequence of interbedded claystones, siltstones, sandstones, and
conglomerates, with claystones and shale being more prominent in the northern third of the|
basin (Robson et al 1981a) Individual sandstone beds are commonly lenticular and rangdi
from a few inches to 30 to 40 feet in thickness (Robson et al 1981a). Beneath RFETS, thei
majonty of groundwater flow in the Arapahoe Formation occurs in the lenticular sandsﬁonesé .

= AR L ' .
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within the claystones The portion of Arapahoe Aquifer present beneath RFETS at OU6 1s
not significant from a regional aquifer perspective because 1t 1s truncated by drainages on
RFETS and does not extend laterally from RFETS to offsite areas

Recharge to the Arapahoe Aquifer occurs by the same mechanisms described for the Laramie-
Fox Hills Aquifer In outcrop and subcrop areas recharge occurs from infiltration of incident
precipitation and as infiltration of groundwater from shallow alluvial aquifers respectively
At RFETS the Arapahoe Formation sandstones are recharged from infiltration of groundwater
from overlying unconsolidated surface deposits On a regional scale, the pnmary recharge
mechanism for the Arapahoe Aquifer occurs through leakage from the overlying Denver
Aquifer (Robson et al 1981a)

Groundwater 1n the Arapahoe Aquifer flows from recharge areas at the edge of the basin
toward discharge areas along incised stream valleys Groundwater also discharges from
pumping wells (Robson et al 1981a)

362 OU6 Hydrogeology

Saturated, unconsolidated surface deposits and weathered bedrock units of the Arapahoe
and/or upper Laramie Formations (Figure 3 5-3) are considered the hydrogeologic units of
concern for the QU6 Phase I RFI/RI because of the potential for contamination and
contaminant migration in these umits Contaminant concentrations 1n the unweathered upper
Laramie Formation at RFETS are typically low and the Laramie-Fox Hills Aquifer exists at
a substantial depth below RFETS with a substantial thickness of unweathered intervening
claystones and siltstones separating 1t from the shallow units (DOE 1992¢) Therefore, the
upper Laramie Formation and the Laramie-Fox Hills Aquifer are not addressed 1n the context
of QU6 hydrogeology because the potential for contamination of these units from site-related

activities appears to be minimal

Hydrogeologic conditions in the shallow geologic units at QU6 are influenced by local
conditions local recharge, and interactions with South Walnut Creek, North Walnut Creek
and the unnamed tnbutary of North Walnut Creek The earthen dams in both North Walnut
Creek and South Walnut Creek also influence groundwater flow In general groundwater in
the shallow unconsolidated geologic units of OU6 flows from topographically higher areas
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(mesas) toward the drainages (creeks) that divide the mesas Groundwater 1s then transmnttec:l
into and through the Valley-Fill Alluvium that underlies the creeks, ultimately dlschatglni
to the creeks The shape of the top of bedrock surface strongly influences groundwater flo
by concentrating flow within erosional lows on the bedrock surface Groundwater rechargf
to the shallow unconsolidated umts (Section 3 6 2 1 2) occurs primanly as a result of loc
infiltration of snowmelt, rainfall, and surface water within the OU6 area. Groundwate
recharge also occurs as inflow to OU6 from upgradient areas to the west and from ou2 4
the south

-
3621 Upner Hydrostrateraphic Unit -

The shallow, saturated hydrogeologic units at OU6 comprnise the upper hydrostratgraphic uny]
(UHSU), which consists of unconsohdated surface -deposits (RFA, Valley-Fiil Alhwnum[
colluvium) and weathered claystones of the Arapahoe and/or Laramie Formations that are 1d
hydraulic communication with the saturated surface matenials The Arapahoe No 1
Sandstone and/or Laramie sandstones, where they appear to be in hydraulic commmucihoj
with saturated surface matenals, are also consideréd to be part of the UHSU The UHS
within OU6 1s believed to exist predominantly under unconfined conditions, how?ever}
partially confining conditions may exist in the bedrock sandstones that are part of the UHSUi
: I
|
Groundwater level data used for the evaluation of the UHSU were collected from hméncai
and Phase I monitoring wells within the QU6 area, as part of the Rocky Flats Groundvsvate*!
Monitoring Program  These data were obtained from RFEDS and are presented n{i
Appendix C5 :
: |
Groundwater level data were used to create UHSU groundwater hydrographs (Appendix E:'C6)4
the UHSU potentiometric map (Figure 3 6-1), and the saturated thickness map of surfacé
matenals (Figure 3 6-2) The potentiometric surface and saturated thickness maps :werei
prepared using all available groundwater elevation data from Apnl 1993 (Table 3 6—1j and
pond water elevation data measured Apnil 2, 1993 (Figure 3 6-1) Physical parameter idataj
used for the evaluation of the hydraulic properties of the UHSU, were obtained from
historical aquifer test results (Table 3 6-2) Descriptions of alluvial and bedrock matenald
were obtained from lithologic logs (Appendixes C2 and C3)
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Many OU6 historical wells were considered to be screened 1n hydrostratigraphic units beneath
the UHSU known as the Lower Hydrostratigraphic Unit (LHSU) The LHSU underlies the
UHSU and 1s composed of unweathered upper Laramie Formation clayey-silty sandstones,
claystones and siltstones The lithologic units of LHSU exhibit low permeabilities relatve
to the UHSU (EG&G 1991b) and are not considered to be in substantial hydraulic
communication with the UHSU

Because the scope of the hydrogeologic evaluation included only the UHSU, 1t was necessary
to distinguish between wells screened 1n the UHSU and wells screened in the LHSU To
distinguish between the UHSU and LHSU wells were evaluated in terms of the lithologies
of the screened interval, groundwater elevations, top of bedrock elevations encountered,
thickness of weathered bedrock, and groundwater geochemistry (Section 3622) Wells
screened 1n unconsolidated surface matenals and bedrock wells with geochemical data
indicating the hkelthood of hydraulic communication with saturated surface matenals were
considered to be UHSU wells Table 3 6-1 presents the UHSU and LHSU designation for
each well listed and the cnitenia used to determine the UHSU/LHSU designation

36211 Groundwater Flow Conditions

Valley-Fill Alluvium

Flow 1n the Valley-Fill Alluvium dominates the UHSU groundwater system in QU6 Valley-
Fill Alluvium was deposited 1n the erosional lows along the bedrock surface underling the
surface drainages of OU6 (North Walnut and South Walnut Creeks and the unnamed tributary
of Walnut Creek) The erosional bedrock surface lows mimic the topography of the overlying
surface drainages (Plate 3 5-3), which generally trend to the northeast in OU6 Groundwater
in the RFA and colluvium flows into and 1s transported along flow pathways to the east-
northeast 1n the Valley-Fill Alluvium (Figure 3 6-1) The approximate average horizontal
hydraulic gradient in the saturated Valley-Fill Alluvium 1s 0 035 feet/foot

The saturated extent of Valley-Fill Alluvium measured perpendicular to the direction of flow,
ranges from approximately 200 feet to SO0 feet The maximum observed saturated thickness
of the Valley-Fill Alluvium measured in April 1993 was 12 6 feet at well 1986 located
southwest of IHSS 143 (Figure 3 6-2) Typically, the saturated thickness of alluvium in the
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OUG6 drainages ranges from approximately 5 feet to 10 feet in the deepest part of the bedrock
surface lows It 1s unknown whether the alluvium 1s continuously saturated between the dam|
in the North Walnut Creek and South Walnut Creek drainages The potentiometric surface
of saturated matenals 1n these drainages 1s based on limited well information and meakureth
water surface elevations The line indicating zero saturated thickness of surface matqnalsl.
shown 1n Figures 3 6-1 and 3 6-2, was established by connecting points-where potentiometn¢
surface contours and top of bedrock elevation contours intersect =

R F luvigm

The RFA 1s present in sreas north and south of the current landfill, and on top of the m
between the drainages (Plate 3 5-2) Groundwater occurrences in RFA are limited in the;OUé
area Groundwater flow 1n saturated portions of the RFA 1s generally to the northeast, w:tl*
a honizontal hydraulic gradient of approximately 0 03 feet/foot, following the topogr_;aphu:p
trend of mesas capped by this lithologic unit The maximum observed saturated thnclmesqls
of RFA, measured in. Apnl 1993, was 10 2 feet at well 7187 located south of IHSS 167 |
(Figure 3 6-2) Groundwater flow 1 the vicimity of this well 1s generally to the east
discharging to colluvium and then into the Valley-Fill Alluvium within the unnamed tnbu

drainage : i
Historical and OU6 monitoring well water level data (Table 3 6-1 and Figure 3 6-1) show that
much of the RFA 1s unsaturated, although the extent of saturated RFA 1s not well defined
Well data indicate that the RFA 1s unsaturated in the upgradient-(western) areas of the mesas
that separate the Walnut Creek tributanes However, areal recharge due to precipitation may
provide adequate recharge to saturate the RFA 1n some areas of the mesas during certain ime

penods of the year

Groundwater seepage from RFA potentially occurs where saturated RFA and bedrock are i
contact along the slopes of the mesas In the OU6 area, groundwater seepage occurs 1
Iimited areas, as shown on Plate 3 5-2 RFA seeps are evident in several small nor?hem
tnbutanes to the unnamed tnbutary Another RFA seep 1s evident in a small drammage hortH
of IHSS 165 and outside of the PA Seepage from the RFA appears to discharge tc
colluvium before discharging to the ground surface in these areas Seepage of groundwater
onginating i OU2 is shown along the southeastern slope of the South Walnut Creel%
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drainage The absence of seeps along the slopes of the mesas that separate the OU6
drainages suggests that the degree of saturation of RFA 1n these areas 1s imited OU6
alluvial seep locations and associated downslope vegetation areas were mapped by visual field
observation in Fall 1993 This seep-related vegetation typically consists of cattails baltic
rushes, woody bushes, and other phreatophytes

Colluvium

Colluvium consisting of generally fine-grained soils (silt and clay) and some gravel covers
the hillsides of QU6 In these areas, the potentiometric surface exists below the top of
bedrock, and UHSU groundwater flow occurs only in weathered bedrock that underlies
unsaturated surface matenals Groundwater flow in weathered claystone occurs in the vicinity
of wells 3086 (north of the Solar Evaporation Ponds), B206689 (north of IHSS 166 3), and
B206889 (southeast of Landfill Pond) (Figure 3 6-1)

Weathered UHSU Bedrock Units (Arapahoe and Laramie Formation

The UHSU includes saturated weathered and/or fractured claystones and sandstones of the
Arapahoe and Laramie Formations which subcrop beneath and/or are in hydraulic
communication with saturated alluvium or colluvium Wells B206189 (landfill area west of
OU6) and P219589 (southeast of the Solar Evaporation Ponds) are screened in weathered
claystones that subcrop beneath saturated alluvial matenals Groundwater elevations in these
wells indicate that the claystones are hydraulically connected to the saturated alluwial

matenals (Figure 3 6-1)

Well 76292 (within IHSS 165) and wells P208989 and P209489 (north of Solar Evaporation
Ponds) (Figure 3 6-1) are screened in weathered bedrock Groundwater elevations 1n these
wells indicate that the groundwater flow direction 1s generally to the north in this area The
interceptor trench system (also known as the french drain), located north of these wells
(Figure 3 6-1) was constructed to collect shallow groundwater flowing from the Solar

Evaporation Ponds area and was installed at the approximate top of bedrock

A subcropping Laramie sandstone was encountered beneath the saturated alluvium found in
well 1186 (east of Pond A-4 Figure 3 6-1) Although well 1186 1s screened in alluvium 1t
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1s expected that the Laramie sandstone in direct contact wath the alluvium 1s alsq
hydraulically connected to the alluvial unit at this location and may be locally part of the
UHSU '

36212 Recharge Areal groundwater recharge to the UHSU occurs from direct infiltration
of local precipitation, and by seepage from surface water features such as ponds, creeksi and
ditches The rate of areal recharge 1s generally highest during the late winter and sprin
seasons when precipitation 1s high and evapotranspiration 1s low The effects of increased
temperature and higher evapotranspirahion in summer months tend to minimize the recbm'gI
rate dunng summer Recharge 1s also minimal dunng fall and early wmter months, due
the low precipitation that occurs during those months The net annual groundwater recﬁarg
rate resulting from infiltration of precipitation ranges from 10 inch to 13 inches per;yea}
(DOE 1993d) This 1s approximately 7 to 9 percent of the average annual precipitation of:'
15 inches per year received at RFETS

Seasonal areal recharge effects on the OU6 UHSU groundwater system are indicated by thd
fluctuations 1n groundwater elevations that occur in response to seasonal preclplta;t:on
Alluvial groundwater levels typically nise in the spring, due to recharge and then decreasd
during summer and winter months until spring of the following year when the seasonal ;:ycH
begins again Hydrographs for alluvial wells 1386, 2886, 3586, 3786, 7287, and P20'788§
(Appendix C6) 1llustrate these seasonal groundwater level fluctuations Water level chang

due to recharge were as great as 5 feet (well 2886) duning the period March 1992 to Aprj
1992, a two-month perniod during which approximately 3 inches of precipitaon was recorded
at RFETS :

Surface water from the A and B-Senes Ponds, located in the North Walnut Creek and é‘;outlii
Walnut Creek drainages, respectively, infiltrates the subsurface units and provides anothen%
source of groundwater recharge within OU6 The unnamed tributary, North Walnut Creek;
and South Walnut Creek also recharge groundwater to OU6 due to infiltration of su;facd
water especially significant during precipitation events -

Groundwater inflow across upgradient boundanes of OU6 also provide potentially sxgmf;icani;
sources of recharge to the UHSU Groundwater flow directions and hydrauhic gradlenti
observed in Apnl 1993 (Figure 3 6-1) indicate flow into OU6 from the present Landﬁl[
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(IHSS 114) and from upgradient areas in the South Walnut Creek dramnage  The
potentiometric surface in the Landfill area indicates that there are two principal potential
components of groundwater flow (1) flow to the east and northeast along the unnamed
tnibutary drainage, and (2) flow to the southeast where groundwater flows toward the South
Walnut Creek drainage The flow component to the southeast from the Landfill area 1s not
well defined however 1t does appear to be a source of groundwater recharge to OU6

Groundwater flow to the east and northeast occurs 1n the area of the Old Outfall (IHSS 143),
located west of the OU4 french drain, installed 1n saturated surface materials Another source
of OU6 groundwater recharge 1s discharge from bedrock and aliuvial seeps along the south
slope of South Walnut Creek drainage (Figure 3 6-1) Seepage discharge from these
lithologic umits flows into the colluvium on the hillside and flows downhill, discharging to
the Valley-Fill Alluvium in the drainage or the flow may discharge from the colluvium onto
the surface and be evapotranspirated

36213 Hydraulic Properties and Estmated Groundwater Flow Velocities Estimates

of hydraulic conductivity for the UHSU within QU6 are based on aquifer tests (drawdown-
recovery packer and slug tests) conducted on wells installed in 1986 and 1987 Hydraulic
conductivities screened interval Iithologies and data sources for the tested wells are

summanzed in Table 3 6-2

Valley Fill Alluvium

Hydraulic conductivity data were available for three wells screened in Valley-Fill Alluvium,
wells 1586 1786 and 3586 where the estimated values were 4 3E-05 centimeters per second
(cm/sec) 4 8E-06 cm/sec and 1 4E-04 cm/sec respectively The hithologic description of the
screened intervals at wells 1586 and 1786 indicate the material may be finer-grained than the
matenal described for the screened interval at well 3586 The geometric mean of these three
results 1s 3 1E-05 cm/sec  The average groundwater flow velocity (average linear velacity)
for the Valley-Fill Alluvium was estimated to be about 10 feet/year, based on the geometnic
mean hydraulic conductivity, the estimated average hydraulic gradient for Valley-Fill
Alluvium (0 035 feet/foot) and an assumed effective porosity of 10 percent
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Rocky Flats Alluvium

Hydraulic conductivity values for the RFA, based on results from aquifer tests at eight wells,
ranged from 6 4E-05 to 1 3E-03 cm/sec (Table 3 6-2) The geometric mean of the resixlts 1
5 OE-04 cm/sec The average groundwater flow velocity for the RFA was estimated to b
about 150 feet/year, based on the geometric mean hydraulic conductivity, the estimate
average hydraulic gradient (0 03 feet/foot), and an assumed effective porosity of 10 percent

One hydraulic conductivity value reported at 8 6E-07 cm/sec for the weatinereql
Arapahoe/Laramie Formation claystone was obtammed for well 3086 This well was scre;enmil
from approximately 2 5 feet to 15 feet 1n bedrock No aquifer testing data for weathered
UHSU sandstone were available for QU6 Calculated values of hydraulic conductivity fot
the Arapahoe No.l Sandstone from pumping test measurements performed in OU2 rm

from 3 7x10™ cm/sec to 6 2x10™* cm/sec (DOE 1993d) The Arapahoe No 1 Sandstone is no}
extensive 1n OU6 (Section 3 52 1) therefore, the hydraslic eonductivity value for thél
claystone at well 3086 may be more representative of conditions in weathered bedrock within
OU6 Groundwater velocity was not eshmated for weathered bedrock due to a lack of data
However, based on relative hydraulic conductivities, the velocity 1s expected to be
substantially lower than that of RFA and Valley-Fill Alluvium o

3622 Groundwater Geochemistry

The groundwater geochemustry of the UHSU in RFETS background areas and in OU6 waqI
evaluated to determine (1) if 1t 1s appropnate to use RFETS background groundwateridat i
for a comparison of norganic concentrations in OU6 groundwater, and (2) which wells
screened 1n weathered bedrock should be considered UHSU wells (Section 362 1)

3.6.2.2 1 Background Groundwater Geochemstry A detailed evaluation of groundv;rater

geochemistry for RFETS background areas was presented in the Final Backgréund
Geochemical Characterization Report (DOE 1993e) Suff diagrams were used m the

evaluation to demonstrate vanations in water type within UHSU groundwater anfl to’

distinguish UHSU groundwater from LHSU groundwater The diagrams are graphical
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depictions of water geochemistry in which dissolved concentrations of major cations (Na*
K’, Ca'?, Mg*?, and Fe*?) and major anions (Cl, HCO, SO,? and CO,?) were expressed in
milliequivalents per liter (meq/l) The width of a Stuff diagram 1s an approximation of the
total 10onic content and may be an indication of the residence time of groundwater 1n water
bearing units  An increasing 1onic content or total dissolved solids (TDS) concentration 1s
directly proportional to increased residence time (DOE 1992d) Well locations with narrow
Stuff diagram patterns (low TDS) are likely receiving recharge from surface or near surface

sources

Background groundwater within the UHSU (1 e, Valley-Fill Alluvium, RFA, colluvium, and
weathered claystones) and LHSU unweathered sandstone(s) 1s described in terms of Stuff
diagram results 1n the following section The locations of background monitoring wells used
in the Stiff diagram evaluation are shown on Figure 3 6-3 Groundwater from most of the
UHSU background wells 1s a calcium-bicarbonate water with low TDS (Figures 3 6-4 through
3 6-7) There are a few exceptions in colluvial and weathered claystone wells The Stff
diagram results suggest that i1t 1s reasonable to group weathered claystones with the
unconsolidated surface deposits into a single hydrostratigraphic unit that receives recharge
from surface or near-surface sources (1 e the UHSU) Groundwater in the LHSU background
wells 1s sstmilar to UHSU groundwater in terms of TDS but can be distinguished from UHSU
groundwater on the basis of sodium (Na*) and potassium (K*) meq/l versus calcium (Ca*?)
meq/l (Figure 3 6-8) LHSU groundwater 1s typically higher in Na* and K* than in Ca**
while UHSU groundwater 1s typically higher in Ca*?

Valley-Fill Alluvium

Suff diagrams from six Valley-Fill Alluvium wells (B102289, B102389 B202489, B202589,
B302789 and B302889) located in the RFETS buffer zone, are shown on Figure 3 6-4
Groundwater from each of these wells s a calcium-bicarbonate type water The lowest ionic
concentrations were found in wells B102289 and B102389, located northwest of the RFETS
security area in the Rock Creek drainage and upgradient of wells B202489 and B202589
Wells B302789 and B302889 located in the southeastern buffer zone had the highest 1onic
content of the Valley-Fill Alluvium wells
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Rocky Flats Alluvium

Suff diagrams from eleven RFA wells (B200589, B200689, B200784, B200889, B400189,
B400289, B400389, B400489, B405586, B405689, and B405789), distributed 1n the north and
southwest part of the buffer zone, indicate that groundwater in the RFA 1s a calcmm
bicarbonate-type water (Figure 3 6-5) Concentrations of the major cations and aniohs m
these wells are generally low, suggesting the hkelthood of short residence time fo
groundwater 1n this geologic unit Recharge to groundwater, due to mfiltration of mc_éiden
precipitation appears to be a significant factor in this geologic umt The backgroumﬁ_well
(B400389 and B405689) screened in RFA that contain the highest 10nic content are loc

in the buffer zone southwest of the RFETS security area. i

Colluvium o

Suff diagrams from wells B201189, B201289 B201589, and B205589 located in the glonfr
buffer zone and well B401989, located in flie southwest buffer zone, represent coll;mﬂ
groundwater (Figure 3 6-6) Groundwater 1n wells B201589 and B401989 appears to.be
calcium-bicarbonate-type water with low levels of TDS Groundwater in well B201284
appears to be a calcium sodium potassium-sulfate-type water with significantly higher TDS
concentrations indicating long residence time of groundwater at this well Wells B201189
and B205589 have similar ronic contept, indicating sodium potassium edmum-blcarbonate
type water

Weathered

Suff diagrams from wells B203189, B203289, B203489, B304889, B305389, and B405489,
located in the buffer zone, are shown on Figure 3 6-7 Groundwater from background wellg
screened 1in weathered claystones of the Arapahoe or Laramie Formation 1s typically a
calcium-bicarbonate water type with low 10nic content Groundwater from well B304889 15:
an exception, 1t appears to be a sodium, potassium, calcium-sulfate, bicarbonate-type \iratel‘;
with high 10nic content The water type at B304889 1s moré typical of the LHSU than thé
UHSU (DOE 1993e) and 1t appears that the residence ime of the sampled groundwater at thlj
well 1s significantly greater than at other weathered claystone wells With the exceptlon o

well B304889 1t seems appropnate to group these wells with the UHSU

(4047 910-0025 521)(R7 3)(9/2295 9 14 sm)2) 3-34




Unweathered LHSU Sandstones

Suff diagrams from wells B203789, B203889, B203989, B204189, B304289, B304989,
B304289, and B402189 screened in unweathered LHSU sandstones are shown on
Figure 3 6-8 Groundwater in wells B203789 B203889 and B203989 located in the north
buffer zone, is a sodium/potassium-bicarbonate-type water with low TDS concentrations
Well B204189 also located in the north buffer zone, has significantly higher TDS levels and
has a sodium/potassium-sulfate water type Groundwater in well B304289, located in the
south buffer zone, has relatively low TDS concentrations and appears to be a
sodium/potassium-bicarbonate/chlonde water type The Stiff diagram for well B304989,
located in the southeast buffer zone indicates a sodium/potassium-chloride/bicarbonate water
type with moderate TDS concentrations The wells described above show groundwater
geochemical conditions typical of the LHSU

Two other wells B402189 and B405889 located 1n the southwest buffer zone, appear to be
screened 1n a lithologic unit that may be part of the UHSU They show calcium-bicarbonate
type water at fairly low TDS concentrations These wells were included however with the
LHSU 1n the Background Geochemical Report (DOE 1993¢)

36222 QU6 UHSU Groundwater Geochemistry Evaluation of OU6 UHSU groundwater
geochemustry involved assessing the pH and Stiff diagrams of groundwater 1n various QU6
wells  The median groundwater pH value calculated from 679 field measurements at 70
locations was 73 These field measurements were made during the period beginning third
quarter 1990 and ending fourth quarter 1993

Suff diagrams for wells installed within QU6 (Figure 3 6-9) and neighboring OUs were
prepared using analytical results from selected wells to characterize the inorganic chemistry
of UHSU groundwater Supporting calculations for each of the Suff diagrams are presented
in Table 3 6-3

Suff diagrams indicate that meq of Ca'? were greater than megs of Na® plus K* 1n all selected
OU6 UHSU wells Boring logs from the OU6 Phase I investigation (Appendix C2) indicate
that caliche 1s present often 1n abundance in surface geologic matenals within OU6 Caliche
1s composed of calcium carbonate (CaCO,) which when leached by infiltrating precipitation
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provides a source of Ca>* and bicarbonate (HCO? ) 10ns to groundwater Discussions of Stiff
diagram results for selected UHSU wells are presented below

Valley-Fill Alluwvi

Stuff diagrams from Valley-Fill Alluvium wells 1386, 1586, and 4287, located 1n the no

buffer zone, indicate a calcium-bicarhonate water type (Figure 36-9) The TD
concentrations in these wells are relatively low, suggesting‘that the Valley-Fill Alluvium 1+
OU6 1s recharged from surface or near-surface sources A Stuff diagram for well 1986,
located in the southwest buffer zone and screened in Valley-Fill Alluvium, exhibits a so&unL
potassium-bicarbonate-type water In:general, the Valley-Fill Alluvium wells in QU6 and
background areas have similar water types and TDS concentrations

Rocky Flats Alluvium

Stiff diagrams for RFA wells 6487, 7187, and 7287, located in the north buffer zone, indic

the presence of calcium-bicarbonate-type water (Figure 3 6-9) The TDS concentrations :cj
these wells are relatively low, as indicated by their narrow Stff diagrams, suggesting tha&
recharge to the RFA occurs from surface or near-surface sources of water :

Suff diagrams were used to distinguish UHSU weathered bedrock wells from wells screened
in LHSU bedrock Well 76292, located in the eastern PA, and wells B206189, B206589,
B206689 and B208789, located in the north buffer zone, exhibit the calclum-blcarbonate{;type;
water typically found in wells screened in unconsolidated surface matenals (Figure 3 6-9)
This suggests that these wells are screened in weathered bedrock that is hydrauhéally
connected to saturated surface matenals Therefore, these wells are considered part of the
UHSU :
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Unweathered LHSU Units

Wells 1486 (sandstone), 1686 (siltstone/claystone) B210389 (claystone) B207089 (claystone)
and P210089 (claystone, siltstone) exhibit water types that are considered to be representative
of the LHSU Each of these wells exhibit higher Na* and sulfate (SO,?) concentrations than
UHSU wells The higher TDS concentrations shown for these wells indicated by the wider
Stuff diagram patterns suggest that the screened hithologic units of these wells are not
strongly influenced by surface or near-surface sources of recharge water Higher TDS
concentrations also suggest that the residence time of groundwater 1n these units 1s longer
than that of the UHSU

Companson of OU6 and Background Groundwater Geochemistry

Suff diagrams from background wells (Figures 3 6-4 through 3 6-8) indicate that the
predominant UHSU water type in RFETS background area groundwater and OU6 area
groundwater 1s calcium-bicarbonate Groundwater in the UHSU 1n both background and OU6
areas 1s strongly influenced by recharge from near-surface sources, and the residence time of
groundwater 1n both areas 1s short Caliche found in unconsolidated surface matenals at
RFETS may be the source of calcium, a dominant component 1n the UHSU groundwater
geochemstry 1n background and OU6 areas

The similanties between groundwater in the RFETS background and OU6 areas suggest that
similar hydrogeologic conditionis exist in the two areas Similarities between groundwater
from both areas suggest 1t 1s appropnate to use RFETS background data for comparison with
OU6 groundwater data 1n the selection of UHSU chemicals of concern for various metals and

radionuclides
37 SURFACE WATER

RFETS lies within the drainage basins of Rock Creek and Big Dry Creek which are
tributaries to the South Platte River Walnut Creek 1s a tnbutary to Big Dry Creek and drains
approximately one-third of the RFETS site including most of the secunty area (Figure 3 7-1)

The headwaters of Walnut Creek are approximately 15 miles west of RFETS near the
foothills of the Colorado Front Range Only a small percentage of the Walnut Creek drainage
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area 1s west of RFETS due to the proximity of the Coal Creek dramagg to the north and th?
Woman Creek drainage to the south Walnut Creek leaves RFETS at Indiana Street and 1
diverted around Great Western Reservoir by the Broomfield Diversion Ditch since Gre
Western Reservoir 1s used by the city of Broomfield as a dnnking water supply :

|
The OU6 IHSSs he within the Walnut Creek drainage area, as shown on Figure 3 7-1 ’l‘h&I
four major tnibutanies to Walnut Creek are South Walnut Creek, North Walnut Creek
McKay Ditch, and an unnamed tributary, sometimes referred to .as No Name éiulch
(Figure 3 7-1) :

.

371 Dranage Patterns of Walnut Creek and Its Tributaries

One of the predominant features of the Walnut Creek dranage area 1s the highly impervious
nature of the RFETS secunity area (Section 3 74) Runoff from the security areafflovévs
North Walnut Creek and South Walnut Creek which are intermittent streams that dram all bu
a small part of the RFETS secunty area (Figure 3 7-1) These creeks also receive runoff fro
the adjoimng buffer zone South Walnut Creek onginates near the center of the RFET
secunity area. Baseflow 1n the upper reaches of South Walnut Creek 1s due to discharges o
building footer drains as well as flow from several seeps along the south bank of the creek]
North Walnut Creek begins just egst of the McKay Diversion Canal and flows along the
northern boundary of the RFETS security area. The baseflow in North Walnut Creék lj
augmented by seeps and footer drains

The flow of North Walnut Creek 1s detained by the A-Senies Ponds and the flow of South
Walnut Creek 1s detained by the B-Senes Ponds, shown on Figure 3 7-1 North Wilnut
Creek the unnamed tributary, and South Walnut Creek converge downstream of the ponds
to form Walnut Creek At approximately 1,300 feet downstream of this convergence, thel
McKay Ditch flows into Walnut Creek Just upstream of the eastern RFETS boum:lary|
Walnut Creek flows through the W&I Pond The history of this pond 1s discussed |
Section 1325 Walnut Creek flows to the Broomfield Diversion Ditch and around Great
Western Reservorr, located approximately 0 3 miles east of the eastern boundary of RFETS

Some of the Walnut Creek surface water drainage area 1s not hydrologically associated with
the RFETS secunty area or the A and B-Sernies Ponds The area west of the secunty area as
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well as much of the area north of the secunty area and south of the Rock Creek drainage are
included 1n the Walnut Creek drainage Surface runoff west of the RFETS security area 1s
diverted around this area by the McKay Diversion Canal (sometimes called the West
Diversion Ditch) and the McKay Bypass Canal (sometimes called the Walnut Creek Diversion
Canal) which flow into McKay Ditch as shown on Figure 3 7-1 Surface runoff in the area
north of the RFETS security area drains to McKay Ditch or the unnamed tnibutary both of
which flow toward Walnut Creek Flow from the McKay Ditch or the unnamed tributary
rarely reaches Walnut Creek due to infiltration and evaporation (EG&G 1994a)

372 Pond Operations

Operations of the A and B-Series Ponds along North Walnut Creek and South Walnut Creek
respectively, are described herein Site descriptions and histories of IHSSs 142 1-9 are
presented 1in Sections 1323 and 1324

All flow in the B-Series Pond system is eventually detained in terminal Pond B-5 Prior to
September 1990, water in Pond B-5 was momitored for water quality before discharging to
South Walnut Creek, 1n accordance with RFETS National Pollutant Discharge Elimination
System (NPDES) permit Since September 1990, Pond B-5 water quality has been monitored
and then pumped to terminal Pond A-4 in North Walnut Creek

Ponds B-1 and B-2 which are reserved for spill control and flood control are 1solated from
the rest of the B-Series detention pond system by a bypass that routes upstream flows to
Pond B-4 Pond B-3 1s used as a holding pond for sanitary STP effluent Flow from the STP
to Pond B-3 1s generally constant at approximately 150,000 gallons per day The normal
discharge of Pond B-3 1s to Pond B-4 on a daily basis during daytime hours For a short
period of time 1n 1989, Pond B-3 water was pumped to a spray irrnigation system at the East
Spray Field Area (IHSS 216 1) (Figure 1 3-3) This temporary practice was discontinued
because slow water evaporation resulted in high volumes of surface runoff

Ponds B-4 and B-5 receive surface water runoff from the central portion of the RFETS
security area via a bypass line that diverts the runoff around Ponds B-1, B-2, and B-3 During
large runoff or snowmelt events estimated to occur one or two times per year (EG&G
1994b) surface water runoff 1s routed to Pond B-5 through the Central Avenue Ditch
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(Figure 3 7-1) Dunng smaller events, Pond B-5 receives local runoff as well as flow-througl
drainage from Pond B-4

Between 1952 and 1979, Pond A-1 was used to hold laundry wastewater and other hqui
waste discharged into North Walnut Creek from the northern production facilities, ﬂ'n;ou \
the Old Outfall Area (THSS 143) After the construction of Pond A-2 and prior to 1978, th
water of Pond A-1 was released into Pond A-2 and disposed of By natural and spr

evaporation Pond A-1 1s presently used for spill-control management, and receives onl
local surface runoff and seepage that may occur in the area. o

Prior to 1993 the water from Pond B-2 was pumped to Pond A-2 once per summer via an
underground pipeline (Figure 1 3-3) Like Pond A-1, Pond A-2 1s presently used for i'»plll-
control management, and receives only local surface runoff and seepage that may occur near
this area Spray evaporation of water from both Ponds A-1 and A-2 was peﬁoméd by
spraying the water onto the pond surfaces and banks. Spray evaporation from Pond A-1 and
Pond A-2 was discontinued in 1993 (BEG&G 1995a)

Flow in North Walnut Creek, including surface water runoff from the northern production
facihities 1s diverted around Ponds A-1 and A-2 and channelled into Pond A-3 via the A-1
Bypass (Figure 1 3-3) The water 1s temporanly detained 1n Pond A-3 before being released
into Pond A-4

Histoncally, Pond A-4 received water from Pond A-3 only Presently, Pond A-4 reeélvesg
water from Pond A-3 and water that 1 pumped from Pond B-5 The water in Pond A-4 18]
treated by a granular activated carbon (GAC) filtration system and screen filter before being
discharged downstream into Walnut Creek, if needed to meet water quality standards for an
NPDES permit '

The W&I Pond (IHSS 142 12) 1s downstream of Pond A-4, located approximately 0 5-mules

east of the confluence of North Walnut Creek and South Walnut Creek Discharge from the.

W&I Pond occurs when the capacity of the pond becomes high enough to flow out and
downstream into Walnut Creek Because the W&I Pond 1s relatively small (actual capécnty
has not been measured by surveying), a relatively msignificant amount of water released from
Pond A-4 1s detained in the W&I Pond :
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373 Pond Capaaty

Pond capacity data and total runoff volumes, in acre-feet (ac-ft), for terminal Ponds A-3 A-4
B-4 and B-5 are presented on Table 3 7-1 These terminal ponds recetve storm runoff from
the RFETS secunty area which 1s diverted around Ponds A-1, A-2, B-1, B-2 and B-3,
through a system of bypass channels previously described in Section 372 As shown 1n
Table 3 7-1 terminal Ponds A-3 A-4, B-4, and B-5 were designed to hold surface runoff
from very large precipitation events

The A-Series Ponds are sufficiently large enough to hold estimated runoff from the 25-year
and 100-year precipitation events These precipitation events refer to very large storms which
only occur once in 25 (or 100) years Ponds B-4 and B-5 are not sufficiently large enough
to hold runoff from a 100-year 10-day event, as evidenced by the runoff volume of 146
percent of the combined capacities of Ponds B-4 and B-5 Since releases from Pond B-$ are
pumped to Pond A-4, it is appropriate to consider the combined capacities of Ponds A-3, A-4,
B-4 and B-5 The total capacity of these terminal ponds 1s 212 ac-ft a volume sufficiently
large to contain the 174 ac-ft of runoff from the 100-year 10-day event (Table 3 7-1)
Relationships between pond volumes, surface area, and water levels (1 e, stage/storage and
stage/area functions) for the A and B-Series Ponds are presented in the Mernick Pond Survey
(Mernck 1992)

Except 1n the case of an extreme precipitation event, pond levels and volumes are maintained
well below capacity The volume of water in Pond A-4 during the summer of 1992 1s
presented on Figure 3 7-2 Total precipitation from June through September of 1992 was 6 2
inches, which 1s shghtly below the average precipitation of 6 35 inches during these months
according to RFEDs data During the summer of 1992 the peak volume of Pond A-4 was
65 ac-ft (65 percent of capacity) This volume was the highest recorded during the period
May 1990 through December 1993 The lowest volume observed during the summer of 1992
was 15 3 ac-ft (15 3 percent of capacity) The average recorded volumes for June through
September 1992 1s 47 ac-ft (47 percent of capacity) The largest storm event recorded during
this period was almost two inches of rain on August 24 1992 This storm event had very
little impact on the volume of water in Pond A-4 (Figure 3 7-2)
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The volume in Pond A-4 dropped dramatically during and after peniods of releasesjé
(Figure 3 7-2) The two starting times of releases shown on Figure 3 7-2 are July 10 and:
September 4 each approximately three weeks after the Pond A-4 water level had stabxhzeci
following water quality monitoring Discharges from Pond A-4 ranged from 0 53 to 2 43
cubic feet per second (cfs) The largest discharge from Pond A-4 corresponds to a drawdown,
of approximately 1 7 feet per day Drawdowns are normally much lower, averaging one-foot
per day or less (EG&G 1994b) '

374 Runoff Charactenstics and Historical Flows

The amount of surface water runoff at RFETS 1s related to the intensity and duration of the]
precipitation Precipitation events at RFETS tend to be high m'tenstty,’short duration iless:
than an hour) thunderstorms, or snow storms with snowmelts of longer duration %ong
duration storm events (including snowmelt runoff events)_typically produce more runoff]
volume runoff hydrographs of longer duration, and hydrographs of smaller peaks than intense!
thunderstorms at RFETS :

Walniut Creek basin soil and topographical charactenistics, shown on Table 3 7-2, also
influence the quantity and timing of runoff Most precipitation runoff i1s generated i"rom
impervious areas of RFETS such as roads, buildings, parking lots, and disturbed areas cleared
of vegetation Infiltraton into RFETS soils is generally rapid Table 3 7-2 shows an imtial
infiltration value of 3 75 inches per hour (in/hr) for the basin average Evaporation
contributes to significant losses of precipitation as a result of the relatvely high solar
radiation levels that reach the ground surface

There is very little overland flow on pervious land segments, except iri the cases of extreme
events This can be illustrated by companng unit runoff coefficients (runoff per unit surface
area) for two gauging stations within-OU6 (Table 3 7-3) Gauging Station 03 (GSOQ) 18
located just downstream of the W&I Pond (Figure 3 7-1), at a point in the watershed where
the drainage area 1s 3 71 square mile (sq mi1) and the area is predominantly per\v:iousi
(Table 3 7-2) The area that drains to GS10, located east of the PA (Figure 3 7-1), Is;
approximately 035 sq m1 (the sum of areas for drainage sub-basins CSWAA and CSWAB
shown on Figure 3 7-1) and 1s predomiaantly impervious Unit runoff coefficient values for

GS03 and GS10 for 15 months between July 1991 and August 1993 are showni on%
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Table 3 7-3 Both stations (GS03 and GS10) have complete flow records for these months
The data collected for some of the months prior to 1993 are not consistently accurate (EG&G
1995b) However the data are considered to be valid for this general companison Despite
the fact that the runoff volume at GS03 1s typically much greater than at GS10, the monthly
runoff coefficient values are generally larger for GS10 than for GS03 and, overall for this
time period the sum of monthly runoff coefficients 1s approximately twice as large for GS10
than for GS03 The true runoff coefficients for GS10 are probably greater than the values
in Table 3 7-3 since runoff from approximately half of the area that drains to GS10 i1s
diverted around GS10 during very large runoff events The true runoff coefficients for GS03
are probably smaller than the values in Table 3 7-3 because a significant part of the flow
through GS03 onginates as STP effluent (approximately 4,500 00 gallons per month) The
impervious areas of QU6 generate significantly more runoff per unit area than the watershed

as a whole

The hydrologic and topographic charactenisics of the Walnut Creek watershed vary
considerably from west to east The majonity of the western portion from the mouth of Coal
Creek Canvon to approximately the center of RFETS (sub-basins WADIV]1 WADIV2 and
WALS Figure 3 7-1) 1s a relatively flat area (2 percent slope) with few defined runoff
channels highly infiltrative soils (6in/hr), hittle industnal development, and uniform vegetative
cover Consequently the times of concentration for these drainage basins (1 e, the time
required for runoff from all portions of these sub-basins to reach Walnut Creek) are relatively
long (about an hour) compared to other sub-basins at RFETS These relatively long
concentration imes may permit the loss of sigmificant quantities of runoff to subsurface flow,
thus the production of lhittle overall surface runoff Any water onginating in this area is
diverted around the A and B-Senes Ponds through the McKay Ditch and the Wainut Creek
Diversion (Figure 3 7-1)

Farther to the east the central portion of the Walnut Creek watershed (sub-basins WA11,
WAl2 SWAl SWA3 CSWAB CSWAA and CWAC Figure 3 7-1) contains low to
moderately infiltrative soils, large impervious areas and is the best developed drainage of the
watershed A sigmificant portion of the PA drains to this basin with flow being heawvily
regulated and attenuated by man-made detention ponds and diversion structures As discussed
previously most water originating in the developed area flows through North Walnut and
South Walnut Creeks to the A and B-Senes Ponds
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The eastern portion of the Walnut Creek watershed (sub-basins WA1l, WA2, and WA3
Figure 3 7-1) 1s characterized by moderately nfiltrative soils and broader valleys, with
approximately 5 percent side slopes and 2 percent channel slopes (EG&G 1992c) Water
from this drainage flows eastward through GS03 and leaves RFETS at Indiana Street

Walnut Creek basin characteristics (Table 3 7-2) affect the distnbution and magmtuge of

flows that occur throughout the watershed The locations of the gauging stations in oU6
not suitable for assessing runoff from exclusively pervious land segments, thus 1t 1s difficul
to quantitatively assess the volume of runoff from these areas The OU6 gauging st;p,tlo
locations permit assessment of runoff from the following areas the secunty area, in whnchl
the runoff flows mnto Ponds A-3 and B~4 through the bypass canals (G513 and GS10), ﬂovj
from Pond A-3 to Pond A-4 (GS12); flow from Pond B-4 to Pond B-5 (GS09), ﬂow oht o
Ponds A-4 and B-5 (GS11 and GS08), and offsite runoff at the W&I Pond (GS03) Transfersl
from Pond B-5 to Pond A-4 are recorded with a flow meter in the pipe '

The magnitude of total monthly flows for GS13, GS11, GS10, and G803, from July 1991
through September 1993, are shown on Figure 3 7-3 Particular stations which do net cofitain
data for specific months represent missing or questionable data. Flows during the M;gnter
months are less accurate than those during the rest of the year because of 1ce-related problems
(EG&G 1994c) The highest monthly flow volume recorded at GS13 and shown on

Figure 3 7-3, was 24,000,000 gal In general, during months of high ‘precipstation, C@SI3'

recorded high volumes of flow This pattern 1s to be expected, since GS13 predommjj’ntly
measures direct storm water runoff from impervious and pervious land sggments, since GS13
is upstream of the ponds and does not receive a significant amount of process wastewater
An exception to thrs pattern 1s when 3 inches of precipitation fell on August 24, l;QQZ,imd
only a relatively small amount of flow was recorded (4,440,000 gal) A possible explano;tlon

1s that the gauging equipment at GS13 greatly underestimated the flow (1 97 inches) resul!mgE

from the large August 1992 storm event RFETS stream flow gauging equipment, mclnamg
a 6-inch Parshall flume and an ISCO Model 3230 bubbler, 1s less accurate when flows exceed
3 cfs (EG&G 1994c¢) '

The highest flow volume recorded at GS10 (Figure 3 7-3) 1s 8,770,000 gal, recordogl n
March 1992 Like GS13, most of the flow volume recorded at this station 1s fram siorm

water runoff High flow months generally correspond to months with high amounts of'
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precipitation or snow melt Exceptions to this pattern (e g , May 1992 and August 1992) may
occur since runoff from the securnity area during large storms 1s sometimes diverted around
GS10 and into the Central Avenue Drainage Ditch for which there are no flow records Due
to seepage of groundwater and discharges from footer drains both GS10 and GS13 almost
always record some flow with recorded baseflows in both creeks ranging from less than 0 01
to 0 2 daily mean cfs These baseflows are a small percentage of the total volume of runoff

at these two stations

AY

The maximum flows recorded at GS11 and GS03 are 39,000,000 gal (Apnl 1993) and
77,000 000 gal (March 1992), respectively, as shown on Figure 3 7-3 Flows from these
gauging stations (GS11 and GS03), each located downstream of the ponds are very similar
Flow at GSO03 1s typically somewhat less than flow at GS11, indicating that losses to
infiltration and evaporation between the two stations are generaily greater than contributions
to flow from local surface water runoff For both GS03 and GS11, flow volumes duning a
particular month depend more on the schedule of releases from Pond A-4 than on the amount
of precipitation during that month or preceding months Months without flow were recorded
in the data sets for GS03 and GS11 between July 1991 and September 1993

38 ECOLOGY

This section will be supphed by Stoller
39 PHYSICAL CHARACTERISTICS OF EACH IHSS

The physical characteristics of each OU6 IHSS are described below Where appropnate,

individual IHSSs of similar charactenstics and locations are grouped together for the purpose

of discussion

391 Sludge Dispersal Area (IHSS 141)

3911 Site Description

The Sludge Dispersal Area (IHSS 141) 1s located 1n the South Walnut Creek drainage west
of Pond B-1 (IHSS 142 5) This IHSS covers approximately 1 19 acres and contains ground
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surface elevations ranging from approximately 5,935 feet to 5,897 feet MSL (Figure 1:3-4)
Ninety-five percent of IHSS 141 is located on the northern hillside of South Walnut Creek
The buffer zone access road extends north-south across South Walnut Creek along a land
bridge through IHSS 141 West of the access road, the hillside slopes to the south af
approximately 40 degrees from horizontal East of the access road, the hillside slopes to th
east and southeast The southeast comer of IHSS 141 1s located on the southern hillside o
South Walnut Creek which flows through this portion of the THSS

The northwestern comer of THSS 141 1s occupied by the STP, which 1s located on leve
ground at approximately 5,933 feet MSL The waste-related activiies and h:story of
THSS 141 are discussed in Section 132 1

R N - S —

3912 Geology

The geologic characterization of IHSS 141 1s pnmanly based on information obtained from;
the First Intennm Report of Field Activities, Vadose Zone Monitoring Report (DOE 1993b)
The geologic interpretation for this THSS 1s supplemented by the surface geologic 'map
(Plate 3 5-2) and subsurface information obtained from well 75992 installed duning the OU6
Phase I investugation to a depth of 155 feet This well 1s located approximately 10‘f feet
outside the southeast corner of IHSS 141 '

The Vadose Zone Monitoring project (DOE 1993b) included the dnlling of six borings (liB-l
through AB-4 AB-3N and AB-4N) to charactenze the geology beneath the north and sputh
sludge drying beds, which are housed by two buildings Borings AB-1, AB-2, AB-3, and
AB-4 are shown on Figure 3 9-1 Bornngs AB-3N and AB-4N are not shown on Figure 3.9-1,
however these borings were dnlled adjacent and parallel to borings AB-3 and AB-4,|
respectively The lithologic logs for these borings are presented in Appendix C3 5 Geol'bglci
cross section D-D' (Figure 3 9-2) illustrates the subsurface geology in the vicimity of the:
sludge drying beds é i

~

Artificial fill underlies the sludge drying beds in the northwestern corner of IHSS 141 'l'hei
fill ranges in thickness from 7 feet to 8 5 feet beneath the southern drying beds f’and

approximately 4 feet beneath the north drymng beds (Figure 3 9-2) The artificial fill consists

of gravelly clays, clayey sands, clays, gravelly sands, and sandy clays varying in color from
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yellow-browns to yellowish orange Within IHSS 141, artificial fill covers the northern
hillside of South Walnut Creek (Plate 3 5-2) Artificial fill also covers the hillside south of
the sludge drying bed structures, as well as across South Walnut Creek where a land-brnidge
embankment was placed for the buffer zone access road

The RFA and colluvium underlying the artificial fill is at least 4-feet thick beneath the north
drying beds as measured in boring AB-1  As stated in the Vadose Monitoring Zone Report
(DOE 1993b) colluvial matenal and claystone bedrock slopes to the south at approximately
40 degrees toward South Walnut Creek Valley-Fill Alluvium (depth unknown) covers the
South Walnut Creek drainage south of the STP Well 75992, at the southeastern corner of
THSS 141 encountered ten feet of colluvium before encountering claystone bedrock

Claystone bedrock encountered in well 75992 1s olive-gray to black 1n color with yellowish-
orange stamning near the alluvium/bedrock contact The stratigraphic contacts away from
borings shown 1n Figure 3 9-2 are inferred due to the limited extent of dnlling

3913 Hydrogeology

UHSU groundwater flow in the IHSS 141 area occurs to the southeast in hillside colluvium
deposits that underlie artificial fill (Figure 3 5-9) Groundwater discharges from colluvium
to Valley-Fill Alluvium deposits underlying South Walnut Creek The flow direction in the
Valley-Fill Alluvium 1s to the northeast, following the trend of the creek The IHSS 1s
located on the north side of a zone of saturated surface matenals (Figure 3 6-1) that follows
South Walnut Creek and an erosional low in the top of the bedrock (Plate 3 5-3) that
onginates southeast of the Solar Evaporation Ponds The estimated thickness of saturated

materials 1n the erosional low 1s 0 to 5 feet
3914 Surface Water

Surface water runoff from IHSS 141 drains eastward toward South Walnut Creek and the
B-Senes Ponds (JHSSs 142 5-9) A drainage ditch crosses this IHSS in a north-south
direction collecting runoff between two roadways then drains toward the B-Sernies Ponds
This THSS straddles drainage sub-basins SWA3 to the east and CSWAB to the west
(Figure 3 7-1) Souls in sub-basin SWA3 have a low to moderate infiltration rate while sub-
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basin CSWAB has a moderately high infiltration rate (Table 3 9-1) The surface soi1l within
the Sludge Dispersal Area 1s approximately 25 percent impervious Surface soi} in IHSS 141
(0 to 34 inches) are predominantly gravelly clay, gravelly sand, and sandy clay Below 34|
inches the soil 1s gravelly clay, claystone, and silty cfay (DOE 1993b)

392 A-Senes Ponds (HHSSs 142 1-142 4)

3921 Site Descniption

North Walnut Creek 1s an east-northeast flowing stream that has mcised the psdiment and cut
into predominantly Cretaceous claystone bedrogk The drainage extends 1-4 miles westyeast
across the middle of the OU6 study area, at an approximate grade of 3 percent, rangmg n
elevation from 5,935 feet MSL in the west to 5,710 feet MSL in the cast (Plate 3 5-2) .The
hillslopes along North Walnut Creek vary from approxmmately 6 7 degrees to 11 4 degrees
 from horizontal

The A-Senies Ponds, constructed by placement of earthfill dams across North Walnut Cl?eek,
are Ponds A-1, A-2, A-3, and A-4 (IHSSs 142 1 through 142 4, Figure 1 3-5) These
IHSSs occupy 15 2 acres collectively The largest to smallést are Pond A-3 (6 7 acies)
Pond A-4 (46 acres), Pond A-2 (24 acres), and Pond A-1 (15 acres) Waste-related
activities and histonies of IHSSs 142 1 through 142 4 are discussed in Section 1323 The
OU®6 Phase I field investigation within the North Walnut Creek dramnage included sampling
of sediments from the ponds and streams, and the installation and development of well ‘75992,
at the base of the Pond A-4 dam (IHSS 142 4) '

3922 Geology

The geologic characterization of IHSSs 142 1-142 4, within the North Walnut Creek dramnage
1s based upon lithologic information obtained during the sampling of 20 pond sediment sites |
and the installation of well 75092 duning the OU6.Phase I field investigation Other sources
jof data used to charactenize these IHSSs include the hithologic logs from historic wells within
the North Walnut Creek drainage, listed in Table 3 5-2, and hithologic logs from piezometers |
installed during the Earthen Dams projects (EG&G 1993a and 1994d) These hthologic logs
and data are contained in Appendixes C2, C3 and C4 The surface geologic map (Plate 3 5-2) |
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was also used to charactenize the areal extent of surficial geologic units within IHSSs 142 1
through 1424  The level of detal in the following discussion of subsurface geology 1s
limited to the shallow pond sediment cores and the geologic information provided by the
borings and wells mentioned above Geologic cross section A-A' (Figure 3 5-7) transects the
North Walnut Creek drainage to 1llustrate the stratigraphic relationship of the unconsolidated
surface deposits and the inferred bedrock surface in the valley  Geologic cross section B-B'
(Figure 3 5-8) illustrates the stratigraphic relationship of the unconsolidated surface deposits
and the inferred bedrock surface longitudinally along North Walnut Creek

Plate 3 5-2 shows that pond sediment, classified as Valley-Fill Alluvium, covers 95 percent
of IHSSs 1421 1422 and 142 4 and approximately 75 percent of IHSS 1423 Colluvium
along the hillsides and artificial fill from the dams cover the remaining portions of the
A-Series Ponds North Walnut Creek contains up to 12 5 feet of Valley-Fill Alluvium with
the thickest interval occurring in the broad flood plain near the confluence of North Walnut
Creek with South Walnut Creek Valley-Fill Alluvium within North Walnut Creek (outside
the pond IHSSs) consists of reworked RFA High Terrace Alluvium colluvium and reworked
bedrock The gravel fraction of Valley-Fill Alluvium 1s predominantly angular to sub-
angular poorly to well graded and consists of quartzite, while the sand 1s typically fine to
coarse sub-angular to subrounded quartz and quartaite grains

Subsurface samples from wells 1286 (located within Pond A-3) 40991 and 1186 41091 and
75092 (located near the base of the Pond A-4 dam, within THSS 142 4) indicate that the
Valley-Fill Alluvium at these locations consists of silty clays, organic clays clayey sands and
sandy and clayey gravels (Appendixes C2 2 and C3 3) Pond sediment collected 1n each of
the A-Series Ponds contained Valley-Fill Alluvium consisting of silty clays, organic clays and
some clayey sands varying in color from olive-gray to black (Appendix C4) Sediment cores
collected from the A-Series Ponds indicate sediment thicknesses ranging from 2 8 inches to
22 7 inches (Table 3 5-4)

Based upon previously discussed projections of bedrock attitudes (Section 3 52) and the
surface geology bedrock underlying the Valley-Fill Alluvium n the vicinity of the A-Series
ponds 1s part of the Laramie Formation Bedrock includes interbedded sandstones, siltstones,
and claystones observed 1n cores and outcrop Five monitoring wells and two pond sediment
sample sites located within IHSSs 142 1-142 4 encountered Laramie strata Three of the wells
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(1186, 75092 and 41091) are located relatively close together (less than 350 feet apart),
approximately 200 to 250 feet downstream of the A-4 dam In well 1186, one foot of dark
yellowish brown to yellowish gray claystone overhies silty sandstone at an elevation of
5,702 feet MSL (Figure 3 5-8) The sandstone 1s very fine-grained with abundant silt, light
gray 1n color, with iron-oxide staining present locally and in fractures The sandstone 1s
weathered and is shghtly to moderately friable In Well 75092, a grayish brown to reddish
brown sandy siltstone was encountered at 5 717 feet MSL beneath Valley-Fill Alluvium The
siltstone 1s sandy (44 5 percent sand by volume) with fine-grained, sub-angular to sub-
rounded grains and an estimated porosity of less than 20 percent. This unit 1s underlain by
a silty claystone. Well 41091 encountered a yellowish-gray claystone, with trace amounts of
silt and sand beneath Valley-Fill Alluvium Sediment core samples from sites SED61692 and
SED61792 in Pond A-4 (IHSS 142 4) also encountered Laramie sandstone and silty claystone
(Table 3 5-4)

Laramie claystones, silty claystones, and clayey siltstones (gray to grayish orange 1n color)
underhie the Valley-Fill Alluvium 1in wells 1286 and 40991 near Pond A-3 (IHSS 1423,

Figure 3 5-8)

Laramie sandstones crop out on the northern bank of Pond A-2 (IHSS 142 2) The sandstones
at this outcrop location are yellow-brown and yellow-orange in color, indurated, with sub-
rounded to rounded fine-grained sand The sandstone 1s convoluted and folded with distinct
bedding and concretions Red-brown ironstone caps the sandstone outcrop, which 1s
approximately 4 to 5 feet thick The water level of Pond A-2 was approximately 5 feet below
the base of the sandstone outcrop during the period the surface geology of OU6 was being
mapped (January 1994) No outcropping sandstone was observed downstream of THSS 142 4
(Pond A-4) within the OU6 study area

The A-Senes Pond dams (A-1 through A-4) were constructed within North Walnut Creek to
control surface water and shallow groundwater The original construction plans for the pond
dams (by K R White Company and US Army Corps of Engineers [USACE]) and the
borehole and well logs from the imtial dam construction investigation provide the basis for
the following brief discussion of the site geology, subsurface soils and construction of the
A-Senes dams Additional dam investigations (EG&G 1993a and 1994d) and associated
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borehole and well logs were also reviewed for this report Borehole and well logs from the

dam investigations are contained in Appendix C-3 7

In 1952 the A-1 and A-2 dams were constructed north of IHSS 156 2 (Figure 3 5-2)
Matenal used for dam construction consisted of clays, clayey gravels (colluvial) and
claystone bedrock, and was obtained from the adjacent hillsides (EG&G 1971)

In 1974 the A-3 dam was constructed north of IHSS 216 1 (Figure 3 5-2), using onsite
weathered claystone, and sands and gravels An outer embankment shell was constructed of
semipervious sandy gravelly matenals with a pervious blanket drain beneath the downstream
portion An impervious clay core and cutoff trench were constructed using weathered
claystone The dam foundation is sandy silt silty and clayey sandstones, and gravel alluvium
resting on weathered sandstones and claystones that overlie unweathered gray claystone
(EG&G 1993a)

In 1979 the A-4 dam located northeast of Pond B-5, was constructed by the USACE The
embankment fill consists of clayey gravel 0 to 3 feet thick underlain by 14 feet to 45 feet
of clay and sandy clay The natural foundation materials beneath the embankment fill
consists of alluvium claystone, and weathered claystone (EG&G 1994d)

Dam construction plans show that the A-3 and A-4 dams were keyed into bedrock by
excavating a 5-foot cutoff trench into the bedrock along the long axis of the dam foundation
(EG&G 1971 and EG&G 1994d) The A-1 and A-2 dams were not keyed into the bedrock,
based on the investigation report (EG&G 1971)

3923 Hydrogeology

UHSU groundwater at the A-Series Ponds (IHSSs 142 1-4) flows to the east-northeast
UHSU groundwater occurs predominantly in Valley-Fill Alluvium along the North Walnut
Creek drainage and to a limited extent in the colluvium (Figure 3 6-1) Valley-Fill Alluvium
deposits are present in an erosional low bedrock feature (paleochannel) that underlies the
present North Walnut Creek drainage (Plate 3 5-3) The Valley-Fill Alluvium which 1s
partially to completely saturated in the A-series pond area receives groundwater discharging
from colluvium RFA and Valley-Fill Alluvium deposits in upgradient areas of the drainage
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Potentially UHSU groundwater is also present in weathered bedrock underlying the
unconsolidated surface matenals (Figure 3 5-8)

Vertical gradients for UHSU/LHSU well pairs in the North Walnut Creek drainage were
calculated The vertical gradient between well 1586 (Valley-Fill Alluvium) and well 1486
(LHSU sandstone/claystone) was 0 13 feet/foot downward The vertical gradient between
well 1786 (Valley-Fill Alluvium) and well B208689 (LHSU claystone) was 1 33 feet/foot
downward The approximate average horizontal hydraulic gradient was 0 035 feet/foot in the
Valley-Fill Alluvium

Hydrographs for wells 1386, 1586, 1786, B208589, B208789, B210489, and P209989
(IHSS 142 1 area Appendix C6) indicate seasonal effects on the groundwater elevations due
to recharge Recharge 1s highest in spring and early summer months, due to precipitation
events Rapid nises in groundwater levels occur during this penod, followed by a penod of
decline 1n groundwater elevation durning the remainder of the year

Recharge from or into the A-Senes Ponds hkely influences water levels in the Valley-Fill
Alluvium Limited well data are available in the pond areas, however, 1t'1s assumed that the
alluvium 1s saturated beneath and in the vicimity of the individual ponds

3924 Surface Water

Operation of the A-Senes Ponds and control of the surface water runoff 1s discussed in
Section 372 The site descriptons and waste-related histories of IHSSs 142 1-4 are
presented in Section 1323 The pond IHSSs 142 1-4 are located in the sub-basin drainage
identified as WA11 (Figure 3 7-1), which 1s 5 percent impervious as shown on Table 3 9-1

The soils 1n this sub-basin have a low infiltration rate (1 3 in/hr)

Volumes of water in the A-Series Ponds vary seasonally, but are usually mantained at
10 percent capacity Individual pond volumes and surface areas at 100 percent capacity are
Iisted in Table 39-2 The total discharge for 1992 from Ponds A-3 (February 22 to
November 13, 1992) and B-5 to Pond A-4 (January 13 to December 24 1992) was 25 62
milhons of gallons (Mgal) and 64 47 Mgal, respectively The total 1992 discharge off site
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(January 1 to December 24 1992) from Pond A-4 was 92 7 Mgal which 1s in approximate
agreement with the sum of the inflows from Ponds A-3 and B-5 (EG&G 1993¢)

393 B-Senes Ponds (IHSS 142.5-142 9)

3931 Site Description

South Walnut Creek 1s an east-northeast flowing stream that has incised the pediment and cut
into predominantly Cretaceous claystone bedrock The drainage extends for a length of 0 98
mile from the buffer zone access road on the west to the Walnut Creek confluence to the east
Elevations range from 5,920 feet MSL at the west to 5 710 feet MSL in the east, at a grade
of approximately 4 1 percent The hillslopes adjacent to the South Walnut drainage vary from
7 8 degrees to 15 1 degrees from honzontal

The B-Sernies Ponds constructed by placement of earthfill dams across South Walnut Creek,
are Ponds B-1 B-2, B-3 B-4 and B-5 (IHSSs 142 5 through 1429 Figure 1 3-6) These
THSSs occupy 7 8 acres collectively The largest to smallest ponds are Pond B-5 (3 4 acres)
Pond B-4 (1 3 acres) Pond B-2 (1 2 acres), Pond B-1 (1 1 acres), and Pond B-3 (0 8 acres)
The waste-related activities and histories of IHSSs 142 5 through 142 9 are discussed 1n
Section 1 3 24 The OU6 Phase I field investigation within the South Walnut Creek drainage
included sediment sampling 1n the ponds and streams, and the installation and development
of well 75292 at the base of the Pond B-5 dam (east of IHSS 142 9)

3932 Geology

The geologic charactenzation of IHSSs 142 5-142 9 1s based upon hithologic information
obtained during the sampling of 25 pond sediment sites and the installation of well 75292
during the OU6 Phase I field investigation  Other sources of data used to characterize these
IHSSs 1include the lithologic logs from historic wells within the South Walnut Creek drainage
listed 1n Table 3 5-2 and hithologic logs from piezometers installed in dams B-1 and B-3
during the Earthen Dams projects (EG&G 1993a and 1994d) These hthologic logs and data
are contained in Appendixes C2 C3 and C4 The surface geologic map (Plate 3 5-2) was
also used to characterize the areal extent of surficial geologic units within IHSSs 142 §
through 1429  The level of detail in the following discussion of subsurface geology is
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Iimited to the shallow pond sediment cores and the geologic information provided by the
borings and wells mentioned above Geologic cross section A-A' (Figure 3 5-7) transects the
South Walnut Creek drainage to illustrate the stratigraphic relationship of the unconsohdated
surface deposits and the inferred bedrock surface in the valley Geologic cross section C-C'
(Figure 3 5-9) illustrates the stratigraphic relationship of the unconsolidated surface deposits
and the inferred bedrock surface along South Walnut Creek

Plate 3 5-2 shows that Valley-Fill Alluvium, consisting pnnmanly of pond sediments, covers
50 to 95 percent of the IHSSs within the South Walnut Creek Colluvium along the hillsides
and to a lesser extent, artificial fill from the dams cover the remamnder of the IHSS areas
The South Walnut Creek drainage 1s covered with approximately 55 to 10 5 feet of Valley-
Fill Alluvium which occupies the stream channel and pond beds Width of the Valley-Fill
Alluvium within the South Walnut Creek drainage varies from approximately 20 to 250 feet
Valley-Fill Alluvium within South Walnut Creek (outside the pend HHSSs) consists of silty
clays, clayey sands, and sandy and clayey gravels The Valley-Fill Alluvium contains lower
terrace gravels and overlies claystone of the Arapahoe and Laramie Formations

Lithologic logs from wells 3686 (located upstream of IHSS 142 5) 3786 (located upstream
of THSS 142 9) and 3886 (located downstream of THSS 142 5) indicate the Valley-Fill
Alluvium consists of yellow-brown to gray silty clays, sandy clays, and clayey sands with
abundant gravel (Appendix C3 3) The gravel 1s moderately to well-graded, sub-angular to
sub-rounded with fine to coarse-grained sand that is angular to sub-rounded Sandy clays
with cobbles and gravel are present near the contact of the alluvium and silty claystone
bedrock in well 3886

Pond sediment cores collected during the OU6 Phase I investigation in each of the B-Sernes
Ponds contained Valley-Fill Alluvium consisting of silty clays, highly organic clays, silty
sands, and some sandy silts, varying in color from olive-gray to black The B-Seres
Pond sediment cores indicate sediment thicknesses range from 2 5 inches to 31 5 inches
(Table 3 5-4) No pond sediment borings were advanced deep enough to encounter bedrock
in the South Walnut Creek IHSSs Table 3 5-4 hsts the pond sediment core soil

classifications
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Cretaceous sandstones outcrop on the north and south hillsides upsiope from IHSSs 142 7
(B-3 dam) and 1428 (Pond B-4) These sandstones have been weathered and are
unconsolidated at the surface The sandstones are fine grained, sub-angular to sub-rounded
with some silt and clay The sandstone varies slightly in color from olive-gray to brown
The sandstone outcrop on the hiliside north of the B-3 dam 1s at least 20-feet thick and occurs
between 5 880 feet and 5,860 feet MSL  The base of the sandstone appears to be
immediately above the contact between the dam and hillside The basal contact 1s
gradational transitioning onto a sandy clay No stike or dip measurement could be taken at
this contact The elevation and textural charactenistics of this sandstone suggest it may be
the Arapahoe No 1 Sandstone possibly the lower extent of the sandstone outcropping on the
hillside north of IHSS 216 1 This occurrence suggests the No 1 Sandstone may be as much
as 50 feet thick under THSS 216 1 The outcropping sandstone found along the southern
hillside near the inlet to Pond B-5 (IHSS 142 9) 1s 1dentified as the No 1 Sandstone in the
Draft OU2 Phase II RFI/RI Report (DOE 1993d) This stratum 1s up to 45 feet thick and
occurs between 5 880 to 5 835 feet MSL  Elevations of the top of the sandstone at the
outcrops north and east of IHSS 2161 (5910 feet and approximately 5,870 feet MSL
respectively) indicate an easterly dip of approximately 29 degrees from horizontal
Plate 3 5-2 shows the locations of these outcropping sands along the hillsides adjacent to
South Walnut Creek

The B-Senes Pond dams (B-1 through B-5) were constructed within South Walnut Creek to
control surface water and shallow groundwater The onginal construction plans for the pond
dams (by K R White Company and USACE) and the borehole and well logs from the initial
dam construction investigation provide the basis for the following discussion of the site
geology subsurface soils and construction of the B-Senes dams Additional dam
investigations (EG&G 1993a and 1994d) and associated borehole and well logs were also
reviewed for this report The borehole and well logs from the dam investigations are

contained 1n Appendix C3 7

Dam construction began 1n the mid-1950s with several periods of repair and maintenance on
the dams during the 1970s and 1980s The Ken R White Company completed construction
of earthen dams B-2 B-3 and B-4 by 1955, and the B-1 dam by 1964 The terminal B-5
dam was completed in 1979 by the USACE All of the B-Series Pond dams were constructed
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out of native matenals from the adjacent hillsides and borrow pits located near each dam
These construction matenals consisted of weathered claystone and gravelly to cobbly clays

The B-1 dam was constructed along South Walnut Creek, east of IHSS 141 (Figure 3 5-2),
using matenal from the adjacent hillside In 1972, additional construction on the B-1 and B-2
dams involved raising the top of the dams five feet and extending the embankment
downstream Onsite weathered claystone was used in this construction.. The natural
foundation material underlying the embankment consists of well-graded gravels and weathered
and unweathered claystone of the Arapahoe and Laramie formations
s "

The natural foundation matenal underlying the B-3 dam consists of organic silts and
weathered and unweathered claystones of the Arapahoe and Laramie formations (Dow 1972a,
Dow 1972b, EG&G 1971, EG&G 1993a8) These matenals consisted of weathered claystone
and gravelly to cobbly clays A new embankment was also constructed on the B-3 dam in
1972 The embankment was comprised of clays and clayey gravel

The B-5 dam was constructed using material from adjacent hillsides  Additional
improvements were made throughout the 1980s to prevent cracks and movement During the
1994 dam investigation test holes found embankment fill at thicknesses of 23 feet to 56 feet
overlying claystone bedrock In some test holes, 2 feet to 5 feet of clayey, sandy gravel
(alluvium) was found overlying bedrock The embankment fill consists of approximately 0
to 1 feet of clayey gravel underlain by 22 to 56 feet of clay and sandy clay Foundation
matenals encountered beneath the embankment fill consisted of alluvium, claystone and very
sandy claystone (EG&G 1994d, Rockwell 1979¢ DOE 1984)

Dam construction plans show that the terminal B-5 dam was keyed into the bedrock by
excavating a 5-foot cutoff trench nto the bedrock along the long axis of the dam foundation
(Rockwell 1979¢) Dams B-1 through B-4 were not keyed into the bedrock, based on the
investigation report (EG&G 1971)

The South Walnut Creek dramnage was filled with large amounts of artificial fill at two

locations (Plate 3 5-2) Infilling brought these areas up to grade for the PA secunty fence and
for road construction across South Walnut Creek and within THSS 141

(4047 910-0025 521)R7 3)(9/2295 9 14 am)(2) 3-56

é
i
4
¢
i
3
t
14



3933 Hydrogeology

UHSU groundwater 1n the B-Series Ponds (IHSSs 142 5-142 9) occurs predominantly n
Valley-Fill Alluvium along the South Walnut Creek drainage and potentially in underlying
weathered bedrock (Figure 3 5-9) Based on Figure 3 6-1, groundwater flow 1s down valley
to the east northeast  The approximate average horizontal hydraulic gradient 1s
0 035 feet/foot in the Valley-Fill Alluvium (Figure 3 6-1) Colluvium and, to a hmited extent,
artificial fill make up the remainder of saturated surface materials in the vicinity of the
B-Series Ponds The underlying weathered bedrock 1s composed mainly of claystone with
some sandstone and siltstone Sandstones and siltstones subcrop beneath the embankment
materials as observed in Pond B-3 dam piezometers TH046892 and TH046992, respectively
(Appendix C3 7) The sandstone encountered in TH046892 (Figure 3 5-9) 1s fine grained and
was dry to moist when drilled and 1s not expected to transmit sigmficant quantities of
groundwater  The presence of sandstone and siltstone units beneath the Pond B-3
embankment (Figure 3 5-9) suggests that groundwater may flow beneath this dam In general,
the B-senes Ponds act as barriers to flow within the Valley-Fill Alluvium

Recharge from and into the B-Senes Ponds likely influences water levels in the Valley-Fill
Alluvium Hydrographs (Appendix C6) indicate seasonal fluctuations due to recharge events
The hydrograph for well 3686, located upgradient of Pond B-1 indicates rapid increases in
groundwater levels in response to spring and early summer precipitation events Water levels
then decrease gradually throughout the rest of the year The same effect 1s observed in
well 2886 The maximum thickness of saturated surface matenals observed in well 3886 was
11 feet (Figure 3 6-2) Wells 3786 and 3886 are occasionally dry and well 3686 1s often dry

3934 Surface Water

Operation of the B-Series Ponds and control of surface water runoff in the South Walnut
Creek drainage 1s discussed 1n Section 3 72 The site descriptions and waste-related histories
of THSSs 142 5-9 are presented in Section 1324 Ponds B-1 through B-4 (IHSSs 142 5-8)
are located 1n drainage SWA3, and Pond B-5 (IHSS 142 9) 1s located in drainage sub-basin
SWA1 (Figure 3 7-1) The existing impervious areas in SWA3 and SWAI are 3 and
7 percent respectively and the soils in both basins have a low to moderate infiltration
capacity (Table 3 9-1)
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The individual pond volumes and surface areas at 100 percent capacity are listed in
Table 3 9-2

394 W & I Pond (IHSS 142 12)

3941 Site Description

The W&I Pond (IHSS 142 12) 1s located along Walnut Creek, approximately 350 feet west
of Indiana Street (Figure 13-3) IHSS 142 12 occupies 0 7 acres within the flood plam The
flood plain 1s relatively level and exists at approximately 5,650 feethSL The history and
waste-related activity of IHSS 142 12 1s discussed in Section 1325

3942 - Geology

The geological characterization of the UHSU within the W & I Pond (IHSS 142 12) 1s
based upon hthologic information obtained from the sampling of five pond sediment sites
during the OU6 Phase I field investigation (Figure 3 5-4), the hithologic logs from monitoring
wells 0486 and 41691, and the surface geologic map (Plate 3 5-2) Lithologic logs and data
are contained in Appendixes C3 3 and C4 The surface geologic map (Plate 3 5-2) was also
used to characterize the areal extent of surficial geologic units withuin JHSS 142 12 The
level of detail in the following discussion of subsurface geology 1s hmited to the shallow
pond sediment cores and the geologic information provided by the bonngs and wells

mentioned above

Valley-Fill Alluvium, consisting primarily as pond sediments, covers approximately
95 percent of THSS 142 12 Artificial fill covers approximately S percent of IHSS 142 12 at
the western edge The width of Valley-Fill Alluvium within the Walnut Creek drainage at
IHSS 142 12 1s approximately 500 feet across The pond sediments collected from
IHSS 142 12 indicate the Valley-Fill Alluvium at this site consists of clays and erganic clays
varymg 1n color from olive-gray and gray-brown to black (Table 3 5-4) No bedrock was
observed in the pond sediment cores

The Valley-Fill Alluvium encountered in wells 0486 and 41691, located southeast of
THSS 142 12 consists of clays sandy clays, clayey gravels, and gravelly sands ranging in
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thickness from 10 to 14 feet Gravels and gravelly sands are poorly-graded sub-angular to
sub-rounded and consist predominantly of quartzite The dominant colors vary from yellow-
brown to yellowish-orange The clayey gravels near the base of the Valley-Fill Alluvium
may represent lower terraces within the valley Bedrock encountered in historical wells
conststs of claystones and sandy claystones with very fine-grained to fine-grained sand some
interbedded silt and iron-oxide as staining and nodules

3943 Hydrogeology

Hydrogeologic data specific to the W&I Pond area (IHSS 142 12) are limited to data from
well 41691 located approximately 500 feet east of the W&I Pond Water levels 1n this well
vary only 1 to 2 feet during the year and indicate a saturated thickness of approximately 8 to
10 feet Seasonal recharge effects on water levels at this well are not evident (hydrograph
in Appendix C6) It 1s expected that UHSU groundwater flow in the area occurs
predominantly within Valley-Fill Alluvium towards the east The degree of saturation within
Valley-Fill Alluvium mn the area upgradient of the W&I Pond is likely influenced by the
release of water from Pond A-4 and water onginating west of RFETS from the McKay Ditch
and Bypass Canal Downstream of the W&I Pond the degree of saturation 1s hikely
influenced by the W&I Pond and by releases of water to the Broomfield Diversion Ditch

3944 Surface Water

The W&I Pond 1s located in Walnut Creek downstream of the confluences of North and
South Walnut Creeks The site description of IHSS 142 12 is presented in Section 1325
When the capacity of the pond 1s exceeded the overflow is discharged to the Broomfield
Diversion Ditch A small amount of directed water escapes from the flume into Walnut

Creek east of Indiana Street
The W&I Pond (IHSS 142 12) 1s located in sub-basin WAL (Figure 3 7-1) The existing

impervious area in WAI 1s approximately one percent with soils characterized by low
infiltration rates (Table 3 9-1)

(4047 910 0025 521X R7 3)(9/22/95 9 14 am)(2) 3-59



395 OIld Outfall Area (IHSS 143)
3951 3t tion

The Old Outfall Area (IHSS 143) 1s located to the northwest of Buildings 773 and 771 within
the PA (Figure 13-7) The ground elevation of IHSS 143 1s approximately 5,942 feet MSL
and the area surrounding the THSS i1s relatively level The investigated Old Outfall Area,
where the laundry effluent pipe from Bulding 771 drains, occuptes Jabout 0 04 acres
Disturbed ground and artificial fill cover the entire IHSS 143 area and to at least 100 feet
beyond the IHSS boundanes

This IHSS 1s situated on top of a former stream channel that drained into North Walnut
Creek Based on historic aenal photographs (1964 and 1975), the Old Outfall drainage
flowed to the north and converged with North Walnut Creek Artificial fill matenal was used
to fill in the channel for installation of a segment of the PA fence and a parking lot that is
currently occupied by trailers The waste-related activities and history of IHSS 143 are
discussed 1n Section 1326

3952 Geology

The geologic charactenzation of IHSS 143 1s based pnmanly on information obtained from
five borings (60092 through 60492) and one well (77492) drnilled duning the OU6 Phase 1
field investigation (Figure 3 5-1) This charactenization 1s hmited to a narrow area of the
former dramnage (Section 3 9 5 1) where the QU6 Phase I borings were drilled The geologic
interpretation 1s supplemented with information from the surface geologic map (Plate 3 5-2)
and the lithologic log from histoncal well 1986 (Table 3 5-2)

Artificial fill matenal covers the entire surface area of IHSS 143 (Plate 3 5-2) The artificial
fill encountered duning the OU6 Phase I field investigation consists of sandy clays, clayey
sands and gravels and sandy gravels Gravels consist of angular to sub-angular quartzite (up
to 0 2 feet in diameter observed in core samples) Sands are fine- to coarse-gramned angular
to sub-rounded quartz and quartzite Color vanes from olive and yellow-brown, reddish
yellow and brown, to white (caliche) and black Caliche coats gravel and sand gramns and
occupies voids 1n the clays The artificial fill 1s weathered throughout and iron-oxide staining
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1s present A black, fine to coarse-grained unconsolidated sand (0 2 feet thick) observed In
borings 60192 and 60292 delineates the contact between artificial fill and RFA Artificial
fill at IHSS 143 1s approximately 6 5 feet thick Results of a grain size analysis performed
on a grab sample collected from 0 to 2 feet at boring 60292 are presented 1n Table 3 5-3

Below the artificial fill, the RFA consists of sandy and clayey gravels and clayey sands,
varying 1n color from brown to yellow and gray The gravel 1s angular and consists of
quartzite Sand 1n the RFA 1s fine to coarse-grained angular to sub-angular, and consists of
quartz and quartzite grains The thickness of the RFA encountered in well 77492 1s
approximately 17 feet

Silty claystone 1in boring 60692 (located upgradient of IHSS 143) and in well 77492 1s
brownish-yellow to grayish-brown in color The sand fraction 1s fine-grained sub-angular
quartz, with a trace of sub-angular quartzite gravel Extensive iron-oxide staining 1s present
in the claystone with calcium carbonate coating fractures at angles of 30-degrees from

honizontal The claystone encountered during dnlling was moist to very moist

3953 Hydrogeology

Groundwater level measurement 1n THSS 143 (well 77492) indicates that flow within the
unconsolidated surface deposits (RFA) occurs to the north, following an erosional low 1n the
top of bedrock (Plate 3 5-3) and discharges to the Valley-Fill Alluvium north of the
IHSS (Figure 3 6-1) The maximum saturated thickness of surface matenal observed near
THSS 143 1s approximately 12 feet (Figure 3 6-2) The hydrograph for well 1986
(Appendix C6) indicates little vaniance in groundwater elevation (1 to 2 feet) from seasonal
recharge events The Stiff diagram for well 1986 (Figure 3 6-9) shows a water type higher
in Na* plus K' than Ca™ a condition that 1s atypical of the UHSU at RFETS
(Section 3 6 22) This water type 1s likely due to an increased 1on-exchange 1n groundwater
due to greater residence time that occurs when recharge from precipitation 1s not a strong

influence
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3954 Surface Water

IHSS 143 1s located 1n sub-basin CWAC (Figure 3 7-1), where soils have a relatively high
infiltration rate (Table 3 9-1) The Old Outfall Area 1s approximately SO percent impervious

396 Soil Dump Area (IHSS 156.2)

3961 Site Description

The Soil Dump Area (IHSS 156 2) 1s located on the interfluve between North Walnut and
South Walnut Creeks, occupying the mesa east of the buffer access road (Figure 1 3-3) This
IHSS covers approximmately 9 8 acres Ground surface elevations at this IHSS vary shghtly
from 5954 to 5,946 feet MSL. The ground surface slopes shghtly to the east at
approximately 1 5 degrees from horizontal The hillside north of IHSS 156 2 slopes more
gently mto North Walnut Creek (6 7 degrees) thanthe hiliside south of IHSS 156 2, which
slopes 13 4 degrees into South Walnut Creek

The area within THSS 156 2 consists of discarded soils asphalt, concrete and some
construction debnis as shown on historic aerial photographs (1971 and 1977) The.debns was
dumped on the top and sides of the mesa, and the thickness of fill material appears to be
greater along the edges The disturbed surface does not extend laterally beyond the areal
extent of the RFA within IHSS 156 2 The history and waste-related activities of IHSS 156 2
are discussed 1n Section 1327

3962 Geology

The geologic charactenzation of the UHSU within IHSS 156 2 1s based on information
obtained from 22 borings (Table 2 1-9) and one well (75892) dnlled duning the OU6 Phase
I field investigation (Figure 3 5-1) and the surface geologic map (Plate 3 5-2) Lithologic logs
for the borings are found 1in Appendix C2 5 Geologic cross sections E-E' (Figure 3 9-3) and
F-F' (Figure 3 9-4) illustrate the stratigraphic relationship of the unconsolidated surface
matenals and the underlying bedrock surface
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The ground surface of IHSS 156 2 consists of artificial fill and RFA A change in surface
slope indicates the contact between the more resistant artificial fill/RFA and the underlying
bedrock The combined artificial fill and RFA interval varies 1n thickness from 49 to
23 1 feet and thickens predominately in the northern direction as shown on Figure 3 9-4

The artificial fill/RFA interval consists of sandy gravels, silty sands, gravelly sands, clayey
sands and reworked bedrock Results of grain size analyses performed on grab so1l samples
collected between 0 and 2 feet from borings 73992 and 74192 are presented on Table 3 5-3

The gravel 1n cored samples 1s poorly to well graded angular to sub-angular and ranges from
01 to 02 feet in diameter The sand is fine- to coarse- grained anguiar to sub-rounded, and
poorly to well sorted Color varies from shades of brown gray and white to yellow and red

Artificial fill matenal consists of reworked RFA and 1s nearly indistingmishable from native
RFA 1n core samples The artificial fill/RFA contact shown in Figures 3 9-3 and 3 9-4 1s
defined by the presence of a caliche zone observed in several of the core samples from
borings 73992 74392 74492 and 74592 The presence of caliche especially as a well
defined zone 1s believed to represent undisturbed native soill However if native soils were
mixed with the fill matenial placed in IHSS 156 2, the caliche zone observed in core may not

accurately reflect the artificial fill/RFA contact

The underlying bedrock within IHSS 156 2 consists of claystone, clayey sandstone, sandy
claystone and silty sandstone as depicted by cross sections E-E' (Figure 3 9-3) and F-F'
(Figure 3 9-4) The color of the sandstone varies with the degree of weathering and ranges
from light gray and white (unweathered) to yellow and brown (extensively weathered) A
shallow erosional surface appears to be present at the top of bedrock 1n IHSS 156 2, as shown
by a shightly thicker RFA interval in boring 74892 (Figure 3 9-3) The artificial fill and RFA
interval thickens on the north side of IHSS 156 2 (Figure 3 9-4) 1n response to the erosional
nature of the top of bedrock surface (Plate 3 5-3) in this area

Sandstones crop out along the roadcut through the western end of THSS 156 2 (Plate 3 5-2)
at approximately the same elevation as the top of sandstones encountered in the IHSS 156 2
borings 73792 (5 948 feet MSL) and 77792 (5 933 feet MSL) In the OU2 Mound Area the
top of the Arapahoe No 1 Sandstone was encountered at 5 940 feet MSL 1n well B217689
(DOE 1993d) The hthology of the outcropping sandstones is similar to sandstones
encountered in the OU2 and OU6 borings clayey sandstones with fine to medium-grained
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angular to subround quartz grains, and iron-oxide stain on the grain surfaces The similanties
in the top of sandstone elevations and hthologies in IHSS 156 2 and the OU2 well indicate
the sandstones observed in IHSS 156 2 are probably the No 1 Sandstone The top of bedrock
map (Plate 3 5-3) 1dentifies those borings that encountered the No 1 Sandstone and outcrops
of No 1 Sandstone within the vicinity of THSS 156 2

3963 Hydrogeology

Hydrogeologic data from well 75892 (Table 3 6-1 and Appendix C6), the only active well
located 1in the area, indicated that unconsolidated surface matenals in IHSS 1562 are
unsaturated (Figure 3 6-1) Shallow UHSU groundwater may exist seasonally in colluvial
matenials and flow down the north and south flanks of the mesa on which the IHSS 1s

located

Groundwater is potentially present in weathered bedrock underlying the surface matenals
As stated 1in Section 3962, clayey and silty sandstones have been encountered within
THSS 156 2 However, the sandstopes encountered in borings 77792 and 73792 were dry
when drnilled

3964 Surface Water

Based on the topography within IHSS 156 2, surface water runoff drains toward both North
Walnut and South Walnut Creeks and toward the east off the mesa. The majonty of
THSS 156 2 1s located on the divide of drainage sub-basins WA11 and SWA3 (Figure 3 7-1),
which have soils of low to moderate infiltration rates (Table 3 9-1) The western portion of
the IHSS also straddles drainage sub-basins CWAB and CSWAB (Figure 3 7-1), which have
high infiltration rates (Table 3 9-1) This IHSS 1s approximately 5 percent impervious

397 Tnangle Area (IHSS 165)
3971 e D jon

The Trniangle Area (IHSS 165) 1s located 1n the northeastern portion of the RFETS securnty
area (Figure 1 3-3) The Tnangle Area covers approximately 39 1 acres on a broad, relatively
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flat mesa at an elevation of approximately 5 960 feet MSL The ground surface slopes to the
east at approximately 0 7 degrees from horizontal The waste-related activities and history
of THSS 165 are discussed in Section 1328

3972 Geology

The geologic characterization of the UHSU within IHSS 165 1s based on information obtamned
from 12 borings (72292 through 73092 and 73292 through 73492) and two wells (76192 and
76292) drilled during the OU6 Phase I field investigation (Figure 3 5-2) Lithologic logs
from historical wells within the PA OU2 OU4 and OU6 (Appendix C3) were also used i
charactenizing the geologic conditions 1n IHSS 165 New and existing data were used to
contour the top of bedrock surface in this area (Plate 3 5-3) Geologic cross section G-G'
(Figure 3 9-5) illustrates the stratigraphic relationship of the unconsolidated surface materials
to the underlying bedrock surface

Artificial fill material covers the entire surface area of IHSS 165 (Plate 3 5-2) The top of
the mesa 1n the area of IHSS 156 2 consists of disturbed artificial fill and RFA near the
surface The contact between the artificial fill and RFA 1s not discernible 1n the dnll core
samples The artificial fill/RFA interval consists of gravelly sands with minor amounts of
clayey silts, silts, and silty clays Results of a grain size analysts performed on a grab soil
samples collected between 0 and 2 feet from boring 72292 1s presented on Table 3 5-3 Soils
within six feet of the surface are predominantly clay, gravelly sands, and clayey, sandy
gravels which vary 1n thickness from approximately 4 feet across the top of the mesa to 10
feet on the north side of IHSS 165 Color varies from brown red yellow and white to gray
and olive The gravel 1s angular to subangular quartzite The sand fraction 1s vanable,
ranging from fine- to coarse-grained poorly to well-sorted, with angular to rounded quartz
and quartzite The artificial fill/RFA contains some reworked bedrock and possible landshde
matenal that 1s extensively weathered with iron-oxide staining and caliche Fractures 1n the
bedrock vary from 0 to 10 degrees from horizontal, with caliche observed along the fracture
surfaces

Cretaceous bedrock observed in cores collected during the QU6 Phase I investigation and 1n

historical wells 1s comprised of sandy and silty claystone claystone, clayey siltstone
sandstone and silty sandstone The bedrock varies in color from gray yellow, brown and
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white (weathered) to olive (unweathered) The predominant bedrock type within IHSS 165
1s claystone This stratum contains 2 to 26 percent sand, with fine- to coarse-grained,
angular to sub-rounded quartz grains The claystone 1s unweathered to extensively weathered,
and shows different degrees of iron-oxide and manganese-oxide staining Calcium carbonate

1s present 1n voids and as nodules

The sandstone bedrock observed in borings 72292, 72892, 73392, 73492, and 1n well 76292
(Figure 3 5-2) 1s typically fine-grained, with some medium-grained quartz sand The sand
content by volume vanes from 61 to 82 percent The sandstone 1s extensively weathered,
moderately to highly fnable, up to 20 percent porosity, and vertical fractures are present

Sandstones encountered in the IHSS 165 borings 72292, 72892, 73392, and wells 73492 and
76292 appear to be the No 1 Sandstone, based on similanties in textural charactenstics and
the elevation at which the top of the sandstone was encountered in the borings (approximately
5,940 to 5,950 feet MSL) relative to the No 1 Sandstone present in OU2 borings and wells
Thickness of the sandstone observed in IHSS 165 borings range from 1 8 feet to 12 1 feet
No borings penetrated the entire thickness of the sandstone umt, therefore, 1ts total thickness
1s unknown These sandstone units may represent an extension of the Arapahoe No 1
Sandstone channel observed in QU2 (DOE 1993d) The preserice of No 1 Sandstone in well
76192 which 1s located between well 73392 and the outcrops along the road west of
IHSS 156 2 (Plate 3 5-3), indicate a limited areal extent of the No 1 Sandstone in OU6 due
to erosional downcutting by present-day drainages

The top of the bedrock features within and surrounding IHSS 165 are shown on Plate 3 5-3
and Figure 3 9-5 Two apparent bedrock scours are present The most prominent of these
originates from the west center of IHSS 165 and trends southeast toward the bedrock channel
underlying the South Walnut Creek drainage This relatively narrow scour 1s overlain by
artificial fill and RFA, up to a maximum thickness of 22 5 feet (well P219489, Figure 3 9-5)

The other bedrock scour 1s less distinct, and extends from the western portion of the OU4
Solar Evaporation Ponds toward the east-northeast to the bedrock channel underlying the
North Walnut Creek This scour extends across the northwestern comer of ITHSS 165
Artificial fill RFA and colluvial matenal (clays, clayey gravels and clayey sands) overhe
this bedrock scour

(4047 910 0025 S21)(R7 3)(9/22/95 9 14 am)(2) 3-66

'
jn‘ﬁ



3973 Hydrogeology

A northeast-trending scour that appears to originate west of IHSS 165 (Section 3 972)
extends through the northwestern portion of the IHSS near well P218389 (Plate 3 5-3 and
Figure 3 6-2) Approximately 2 feet of saturated RFA was observed at well P218389 in Apnl
1993 (Figure 3 6-2) It 1s believed that UHSU groundwater flows to the northeast down the
hiliside 1n this erosional scour and discharges to Valley-Fill Alluvium in North Walnut Creek
near well B208289

The second observed scour discussed in Section 3972, crosses the THSS area at 1ts
southwest corner and locally trends to the southeast UHSH groundwater 1n this scour flows
through artificial fill and RFA then discharges to Valley-Fill Alluvium in South Walnut Creek
near well 3586 (Figure 3 6-1) The maximum saturated thickness of surface matenals
observed within this scour was approximately 10 feet in well P219489 (Figure 3 6-2)

Much of the unconsolidated geologic material within IHSS 165 1s unsaturated However,
groundwater may occur to a limited extent in weathered bedrock flowing both to the south
and north

Hydrographs for wells P207689 and P207889 (Appendix C6) indicate seasonal recharge
influence on groundwater elevations in the IHSS 165 area Spring and early summer
precipitation events cause rapid increases in water levels Throughout the remainder of the

year the water levels decrease at a slower rate

For the UHSU well pair P207889 (RFA) and P207989 (weathered claystone) a downward
vertical hydraulic gradient of 1 59 feet/foot was observed in April 1993

The water type indicated by the Suff diagram for well 76292 (Figure 3 6-9) 1s calcium-
bicarbonate typical of the UHSU 1in QU6 Well 76292 1s screened in weathered sandstone
(Appendix C2 6) that subcrops beneath unconsolidated surface matenal (Figure 3 9-5) The
water type suggests that the bedrock matenal 1s hydraulically connected to saturated surface
matenals and thus, 1s part of the UHSU
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3974 Surface Water

The Tnangle Area (IHSS 165) 1s located west (upgradient) of IHSS 156 2 on the same mesa.
This IHSS 1s located predominantly in drainage sub-basin CWAB (Figure 3 7-1) which has
a relatively high infiltration rate (Table 3 9-1) The Tniangle Area i1s approximately 5 percent
impervious

398 Trenches A, B, and C (IHSS 166 1, 166 2, and 166.3)

3981 Site Description .

Trenches A, B, and C (IHSSs 166 1, 166,2, and 166 3) are located north of the RFETS
security area on the mesa between North Walnut Creek and the unnamed tnibutary This
mesa 1s relatively level in the vicinity of THSS 166 1-3, with ground surface elevations
ranging from 5,971 feet MSL in the west to 5,962 feet MSL-1n the east (Figure 1 3-9)
Collectively, IHSSs 166 1-3 occupy approximately 1 1 acres

IHSS 166 1 (Trench A) 1s located southeast of the current landfill (IHSS 114) IHSS 166 2
(Trench B) is the southern-most trench THSS 166 3 (Trench C) consists of two trenches one
located east of IHSS 166 1, the other located between IHSS 166 1 and 1662 The ground
surface slopes approximately one degree to the east across the IHSS 166 area. The hillside
south of IHSS 166 2 slopes to the south at 9 7 degrees from honzontal The waste-related
activities and histories of IHSS 166 1-3 are discussed 1n Section 1329

3938.2 Geology

The geologic characternization of IHSSs 166 1-3 1s based on information obtained from borings
66892 through 69392, and two wells, 76992 and 77392, dnilled during the OU6 Phase I field
investigation (Figure 3 5-1) Additionally historical wells in the vicinity of IHSSs 166 1-3
(Plate 3 5-1) and the surface geologic map (Plate 3 5-2) were also used to characternize these
THSSs Lathologic logs for these borings and wells are found in Appendixes C2 and C3 The
stratigraphic relationship of the unconsolidated surface matenals to the underlying bedrock
surface 1s shown on cross sections H-H' and I-I' (Figures 3 9-6 and 3 9-7, respectively)
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The RFA covers the top of the mesa and underlies IHSSs 166 1-3 (Plate 3 5-2) Within
Trenches A, B and C artificial fill matenial consists of reworked RFA, possibly soil that was
onginally removed from the trenches at the ime of excavation Through time backfill in
these areas has settled and shifted, resulting 1n surface depressions along some portions of the
trenches This artificial fill matenal consists of clayey and sandy gravels gravelly sands and
clays silty sands and clays Results of grain size analyses performed on grab soil samples
collected at 0 to 2 feet from borings 66892 (IHSS 166 1) and 68692 (IHSS 166 3) are
presented 1n Table 3 5-3 The artificial fill/RFA material varies in color from yellow-brown
yellow-orange gray-brown and reddish yellow to gray The gravel consists of angular to
sub-angular to sub-rounded quartzite with clasts up to 0 2 feet in diameter observed 1n core
samples Sands consist of fine- to coarse-grained poorly to well-graded, angular to sub-
rounded quartz and quartzite grains Portions of the artificial fill material contain reworked
bedrock with caliche zones and calcium carbonate filling and coating voids The artificial
fill material appears mottled with varying degrees of iron-oxide and manganese-oxide
staining Within the trenches the artificial fill/RFA matenal varies in thickness from 5 feet
to 10 6 feet No evidence of sludge or waste matenal was observed in the dnll cores

Cretaceous bedrock underlies the artificial fill/RFA matenal Bedrock consists predominantly
of claystones with some sandstones and siltstones and varies in color from shades of gray
yellow and brown to white Sandstone interbedded with the claystone consists of fine-
grained well sorted sub-rounded, quartz grains The claystones visually appear to have low
porosity (less than S percent) and exhibit varying degrees of friability ranging from shightly
to highly friable Calcium carbonate (1 e caliche) occurs in voids and along fracture planes
at angles from 0 to 70 degrees from horizontal Carbonaceous matenal occurs throughout the
bedrock A single occurrence of sandstone is observed 1n boring 67692 on the west end of
IHSS 166 2 (Figure 3 5-1) This unit 1s 2 6-feet thick and consists of fine-grained, well-
sorted angular to sub-rounded quartz grains with argillaceous and silica cement The
sandstone exhibits high friability with porosity estimated at less than 10 percent and a sand
content of 41 5 percent by volume Bedding planes observed in drill core from this boring dip
at an angle of 20 degrees from horizontal

The east-west geologic cross section H-H' (Figure 3 9-6) through IHSS 1661 shows a

relatively flat top of bedrock surface sloping 1 0 degree to the east between boring 67492 and
well B206689 The south-north geologic cross section I-I' (Figure 3 9-7) through
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IHSSs 166 1-3 shows a relatively flat top of bedrock surface within the trenches, with a
change 1n slope of the bedrock surface to approximately 2 9 degrees, toward well B206389
and the Landfill Pond, occurring just north of boring 66892 (IHSS 1661) The top of
bedrock map (Plate 3 5-3) provides a plan view of the bedrock surface shown in the geologic

Cross sections

3983 Hydrogeology

Trenches A, B, and C are located on a west-east trending mesa 1n which a groundwater divide
exists (Figure 3 6-1) East of the trenches, UHSU groundwater flows to the east through the
weathered bedrock Interpreted potentiometnic surface contours suggest that south of the
trenches, UHSU groundwater flows to the south toward North Walnut Creek This inferred
flow to the south occurs within RFA on the mesa and then discharges to Valley-Fill Alluvium
in the drainage Immediately north of the trenches, the UHSU groundwater flow direction
1s to the northeast The flow direction and honizontal hydraulic gradient water levels m wells
6487 (located west of the trenches) and B206389 (located north of Trench A) The surface
matenals are unsaturated in the area immediately to the east of Trenches A and B (Wells
76992, 77392 Figure 3 6-1) where flow potentially -occurs in weathered bedrock

Hydrographs for wells B206489 and 7287, located within IHSS 166 1 (Appendix C6), indicate
that water levels are strongly influenced by local recharge, and reflect seasonal effects Well
7287 1s occasionally dry and exhibits a maximum saturated thickness within RFA of
approximately 6 feet (Figure 3 6-2) The water level in well B206489 (RFA/weathered
bedrock) occasionally falls below the top of the bedrock The maximum saturated thickness
observed at well B206489 1s approximately 6 feet (Figure 3 6-2)

The Stiff diagram for well 7287 (Figure 3 6-9) shows the calcium-bicarbonate type water that
1s typical of the UHSU The TDS concentration 1s low m samples from this well, which
indicates that recharge from precipitation strongly influences groundwater in this area.

3984 Surface Water

Based on topography in the area of IHSSs 166 1-3, surface water runoff drains toward the
north and the south These IHSSs are located 1n drainage sub-basins WA6, WA7, and WA13
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(Figure 3 7-1)  Soils in these sub-basins have a low to moderate infiltration rate
(Table 3 9-1) The Trenches Area 1s less than 25 percent impervious

399 North Spray Field and South Spray Field Areas (IHSSs 167 1 and 167.3)

3991 Site Description

The North Spray Field and South Spray Field Areas (IHSSs 167 1 and 167 3) are located
north of the RFETS secunty area and north of North Walnut Creek (Figure 13-3 page 1
of 2) The Pond Spray Field Area (IHSS 167 2) previously included in the OU6 Phase I
investigation (Figure 1 3-3, page 1 of 2) has been moved to OU7 For congruity within the
OU6 geologic study area, data collected in the historical IHSS 167 2 area during the OU6
Phase I field investigation are included on Table 3 5-1 (stratigraphic data), Figure 3 5-1
(boring location map), Plate 3 5-3 (top of bedrock map), and Appendix C-2 11 (lithologic
logs) The geologic charactenzation and evaluation of IHSS 167 2, however will be included
in the OU7 RFI/RI Report The histories and waste-related activities of THSSs 167 1
and 167 3 are discussed in Section 13210

THSS 167 1 covers approximately 3 96 acres and 1s located in the headward portion of the
unnamed tnbutary and adjacent to the northern boundary of the present Landfill (THSS 114)
Two drainages border this IHSS and converge at the eastern apex of IHSS 167 1 (Plate 3 5-2)
The ground surface elevations on the mesa range from approximately 5,970 feet MSL on the
west to 5,913 feet MSL on the east The eastern half of IHSS 167 1 slopes to the east at
approximately 7 degrees from honzontal

The location of IHSS 1673 was moved (DOE 1992b) after the completion of the OU6
Phase I field investigation The historical IHSS boundary and the revised IHSS boundary are
discussed 1in Section 132 and shown on Figure 13-3 (page 1 of 2) The investigated
IHSS 167 3 (historical) covers an area approximately 0 92 acres and is located on the mesa
south of the Landfill Pond Bypass and east of Trench C The mesa 1s relatively flat, with
ground surface elevations in the range of 5 959 feet to 5,963 feet MSL. The hillside south
of IHSS 167 3 slopes to the south approximately 9 7 degrees from horizontal
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3992 Geology

The geologic charactenization of IHSSs 167 1 and 167 3 1s based on information obtained
from numerous shallow borings and two wells (77192 and 76792, respectively) drilled durnng
the OU6 Phase I field investigation (Figure 3 5-1) The geological interpretation is
supplemented with the surface geologic map (Plate 3 5-2) and hithologic logs from historical
wells 1n the vicinity of these IHSSs (Plate 3 5-1, Table 3 5-2) Bonngs dnlled within
IHSSs 167 1 and 167 3 duning the Phase I field investigation did not exceed a depth of 4 feet,
thereby limiting information available from this study to wathin 4 feet of the surface

IHSS 1671 RFA at least 4 feet thick covers the top of the mesa in the western half of
IHSS 167 1 (Plate 3 5-2) No borings were dnilled deep enough to penetrate the base of the
RFA 1n this IHSS The RFA encountered in IHSS 167 1 during the OU6 Phase I field
investigation consists of clayey to sandy gravels Color vanies from shades of orange, brown,
and gray to white Grain size data from selected grab samples (0 to 2 feet) collected from
IHSS 167 | are presented in Table 3 5-3 Well-graded gravel, ranging from large boulders
3 feet 1n diameter (observed in the field) to 0 1 foot-diameter gravel observed in the core
consists of quartzite schist, and quartz A dark reddish-brown or dark red, clayey gravel
layer 1s prominent in this area. Caliche 1s disseminated throughout the core matenial Sands
consist of fine- to coarse-gramned, angular to sub-rounded, quartz and schist grains Field
observations indicate the RFA 1s at least 15-feet thick near the guich confluence 1n eastern
THSS 167 1 (Plate 3 5-2)

Colluvium covers the hillside 1n the eastern portion of IHSS 1671 A landshde feature 1s
located at the confluence of the drainages just outside of the IHSS boundary The colluvium
consists of sandy gravels with fine- to coarse-grained, angular to sub-rounded quartz,
quartzite, and schist sand gramms The gravel 1s angular to sub-angular consisting of quartzite
and quartz Bonngs 61992, 62092, and 62792 (Figure 3 5-1) encountered Cretaceous bedrock
beneath colluvial cover ranging from 0 feet (boring 62092) to approximately 3 feet thick
(boning 62792) The bedrock consists of claystones and silty claystones varying from shades
of yellow-brown, gray-white, and yellowish orange to brown The claystone ranges from
shightly to moderately weathered, with varying degrees of iron-oxide staining Sand content
vanies from 2 to 9 percent by volume, and consists of fine-grained, sub-rounded quartz and
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feldspar grains The claystone 1s slightly to highly friable Carbonaceous material and
caliche are present along fractures and throughout the claystone

IHSS 1673 The RFA that covers the surface area of IHSS 167 3 1s at least 4-feet thick
(Table 3 5-1) and consists of clayey and silty gravels and sands, well-graded gravels, and
poorly graded sands The color of RFA 1s yellowish brown white, very dark brown, and
gray The gravel and sand grains in this area consists primanly of quartzite and quartz The
gravel 1s coated with caliche acting as a cementing agent Localized iron-oxide staining 1s
also pervasive throughout the core matennal Bedrock was not encountered in the shallow
borings dniled within historical IHSS 1673 Grain size data from selected grab samples (0
to 2 feet) collected from THSS 167 3 are presented in Table 3 5-3

Well 76792 located approximately 100 feet north of historical IHSS 167 3 (Figure 3 5-1)
encountered RFA and sandy claystones The sand content of RFA 1s 37 percent by volume
and consists of very fine, angular to sub-rounded quartz grains The sandy claystone was
highly friable, with an estimated porosity of less than S percent The gravel was angular to
sub-angular, consisting of quartzite and gramte The sand consists of varying amounts of fine
to coarse poorly to well-graded angular to sub-rounded quartz and feldspar grains Well
76792 encountered the top of bedrock at 5 937 feet MSL .

A bedrock scour extends northeast through well 76792 toward the unnamed tributary Based
on field observations at the base of the RFA along the south hillside, the top of bedrock
surface on the hillside slopes to the east at approximately 1 5 degrees

3993 Hydrogeology

Groundwater seepage occurs at the contact between the RFA and colluvium deposits 1n the
two drainages that bound IHSS 167 1 (Plate 3 5-2) Seepage 1n the drainages suggests that
the RFA 1s saturated to the west and groundwater flow may be channelized in bedrock scours
that underlie the surface drainages (Plate 3 5-3) UHSU groundwater in the area 1s expected
to flow to the southeast and discharge to Valley-Fill Alluvium underlying the unnamed
tributary of Walnut Creek Bedrock was not encountered in the only well located wathin
IHSS 167 1 (well 77192) thus, Iittle 1s known about the degree of bedrock saturation 1n the

area
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The investigated area for IHSS 1673 1s located to the northeast of well 77392, near
THSS 166 2 (Figure 3 5-1) Well 77392 1s screened in RFA, the predominant surface matenal
in the area. The RFA 1s unsaturated in the area and ground water, if 1t occurs locally, 1s
likely limited to the weathered bedrock umits of the UHSU

An erosional scour 1n the top of bedrock surface (Plate 3 5-3) is present in the vicinty of the
former IHSS 167 3, as described in Section 3992 Wells 76992 and 76792 are located near
the center of this scour however, these wells are typically dry It appears that the potential
for channelized groundwater flow within this scour in the direction toward the unnamed
tnibutary exists, however, flow may occur only during very high recharge conditions
Groundwater flow in the scour was not observed during the Apnl 1993 sampling penod
(Figure 3 6-1)

3994 Surface Water

Surface water runoff from IHSSs 167 1 and 167 3 drains toward the unnamed tributary of
North Walnut Creek THSS 167 1 1s located 1n drainage sub-basin WA6 (Figure 3 7-1) which
has low infiltrative soils (Table 3 9-1) IHSS 167 3 1s located in dramage sub-basin WA7
which has moderately infiltrative soils The North Spray Field Area (IHSS 167 1) contains
no impervious surfaces, the South Spray Field Area (IHSS 167 3) 1s approximately 6 percent
mmpervious The IHSSs 167 1 and 167 3 are currently grass-coyered

3910 East Spray Field Area (IHSS 216.1)

39101 Site Description

The East Spray Field Area (IHSS 216 1) 1s located on the narrow interfluve that separates
North Walnut Creek from South Walnut Creek, east of IHSS 156 2 (Figure 13-3) This
IHSS covers 3 4 acres and contains ground surface elevations range from approximately
5,925 feet MSL on the west to 5,911 feet MSL on the east. The surface of the mesa slopes
to the east at approximately 1 7 degrees from horizontal The waste-related activites and
history of IHSS 216 1 are discussed in Section 13 2 11
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39102 Geology

The geologic characterization of THSS 216 1 1s based on information obtained from six
borings dnlled during the QU6 Phase I field investigation These borings (78092 through
78592, Figure 3 5-2) were dnlled to a total depth of 4 feet The geologic interpretation is
supplemented with information from the geologic map (Plate 3 5-2)

The RFA covers the surface of IHSS 216 1 (Plate 3 5-2) and consists of clayey silts gravelly
clays silty clays clayey gravels gravelly sands and reworked bedrock The gravel is angular
to sub-angular, consisting of quartzite quartz, and schist Sand consists of fine- to coarse-
grained poorly to well-sorted angular to rounded quartz quartzite, and schist grains
Caliche was disseminated throughout, with slight to extensive iron-oxide staining

Bedrock was encountered in boring 78092 (Figure 3 5-2) The bedrock consists of clayey
siltstone with 15 percent sand content by volume The sand 1s fine-grained angular to
rounded quartz and quartzite grains Calcium carbonate and caliche were present The

estimated porosity of the clayey siltstone was low (less than 10 percent)

Outcropping sandstones (approximately 20-feet thick) occur at elevations from 5,880 to
5 860 feet MSL on the hillside south of IHSS 216 1, near Ponds B-3 and B-4 These
outcrops appear to be Arapahoe No 1 Sandstone based on elevation and lithologic similanities
to No 1 Sandstone identified in adjacent areas Two other sandstone outcrops located
northwest and northeast of IHSS 216 1 also correlate to the Arapahoe No 1 Sandstone based
on the projected dip of bedrock from previously identified occurrences of Arapahoe No 1
sandstone (DOE 1993d)

39103 Hydrogeology

THSS 216 1 1s located on an east-northeast trending ndge between North Walnut and South
Walnut Creeks where no hydrogeologic data are availlable The ndge 1s capped by RFA
(Plate 3 5-2) and 1t 1s believed that the surface deposits in the IHSS are largely unsaturated
This 1s based on the observations at well 75892 located southwest and upgradient of
IHSS 216 1 Well 75892 screened in RFA 1s consistently dry UHSU groundwater flow
may occur in weathered bedrock to the east-northeast along the ndge or may discharge to
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colluvium mantling the hillsides of the mesa Groundwater discharged to colluvium would
likely evapotranspirate or flow to Valley-Fill Alluvium in etther the North Walnut or South

Walnut Creek drainages

39104 Surface Water

Based on topography, surface water runoff from THSS 216 1 drains to the northeast and
southeast toward the North Walnut Creek and South Walnut Creek This IHSS 1s located
along the divide between drainage sub-basins WA11 and SWA3 (Figure 3 7-1), which have
low to moderate infiltrative soils (Table 3 9-1) Sub-basins WA11 and SWAS3 are 5 percent

and 3 percent impervious respectively
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TABLE 3 2-1
. SUMMARY OF POPULATION SECTORS IN AND NEAR
THE ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

1989 1989 2010 2010
Sector Population Household No  Population Household No.

1 0 0 0 0

2 0 0 0 0

3 51 15 51 17

4 633 193 2263 950

5 8439 2508 23773 9957
10 307 567 109 859 408 821 171 141

Source DOE 1990b

Sector = number of mules representing radius from the center of RFETS

} o
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TABLE 3.3-1

1993 ANNUAL CLIMATIC SUMMARY

Temperature(l) Dewpoint Precipitation Wind Data Pressure
CF) CF) (inches) (mph) (mbars)
High Low Mean Mean Total Mean Maximum Mean
January 383 177 280 59 013 85 75 808
February 321 167 244 61 054 67 70 808
March 479 280 380 133 152 92 50 811
Apnl 535 312 424 (¢} 145 93 67 808
May 649 424 537 2 113 79 60 813
June 727 480 604 351 179 85 58 812
July 797 540 668 405 048 89 73 814
Avugust 754 536 645 409 042 75 47 817
September 687 490 588 316 158 82 58 (v))])
October 589 321 455 293 141 76 66 814
November 450 197 324 152 127 98 66 811
December 456 206 331 115 035 123 82 810
Source DOE 1993a
Notes
(1) Temperatures were measured at 10 meters (m) above the ground surface through August and at
1 5 m above the ground surface beginmng September 1 1993
(2) Data invalid or not available
(4047-910-0025-S21)(R7 T331 XLS)3/23/95 2 22 PMXD Sheet 1 of 1
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TABLE 332
ROCKY FLATS
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
STABILITY INDEX A*

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

+ WIND SPEED CLASSES (KNOTS) +

DIRECTION <30 30<60 60<100 100<160 16 0 <=210 >210 Class® TOTAL®
N 19 59 00 00 00 00 783 73
NNE 23 68 00 00 00 00 903 84
NE 20 82 00 00 00 00 1015 94
ENE 21 79 00 00 00 00 997 92
E 25 102 00 00 00 00 1275 118
ESE 28 106 00 00 00 00 13 38 124
SE 22 102 00 00 00 00 1241 115
SSE 20 50 00 00 00 00 702 65
S 11 29 00 00 00 00 404 37

‘SSW 10 12 00 00 00 00 213 20
SwW 5 7 00 00 00 00 119 11
WSW 5 7 ’ 00 00 00 00 122 11
w 6 8 00 00 00 00 144 13
WNW 9 9 00 00 00 00 179 17
Nw 9 12 00 00 00 00 210 19
NNW 15 21 00 00 00 00 354 33
TOTAL 247 753 00 00 00 00 100 00 926

*Total number of hourly samples in this stability class 1s

809

*Total percent for this stability class
“Total percent relative to all stability classes

Note

(4047 910-0025 S21XR7 T332)(3/29/95 3.15 pmX2)

F(moderately stable)

Data from DOE 1993a

D = Neutral stability with respect to wind direction

Analysis of data performed by computer program based on algorithms presented in US EPA 1987 On site
Meteorological Program Guidance for Regulatory Modeling Application

Stability Index ranges from A(extremely unstable) to

Sheet 1 of 7



TABLE 3 3-2 (continued)

ROCKY FLATS , .
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
(WIND SPEED, DIRECTION, AND STABILITY)

STABILITY INDEX B*

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

+ - - WIND SPEED CLASSES (KNOTS)-- --+

DIRECTION <30 30.<60  60-<100 100<160 160<21.0 >=210 Class® TOTALS
N 7 37 61 00 00 00 1044 63
NNE 7 51 59 00 00 00 1173 7
NE 6 44 50 0.0 00 0.0 997 60
ENE 3 33 35 00 00 00 706 42
E 4 36 41 00 00 00 820 49
ESE 5 64 62 00 00 00 1302 78
SE 6 63 79 00 00 00 1473 89
SSE 5 42 45 00 00 00 925 56
s 1 20 16 00 00 00 363 22
SSW 3 8 6 00 00 00 172 10 .
SW 0 3 4 00 00 00 67 04
wsw 1 2 7 00 00 00 105 06
w 2 2 7 00 00 00 114 07
WNW 1 2 11 00 00 00 148 09
NW 3 3 10 00 00 00 162 10
NNW 6 14 23 00 00 00 429 26
TOTAL 59 425 515 00 00 00 10000 601

*Total number of hourly samples 1n this stability class 1s Stability Index ranges from A (extremely unstable) to F

525 (moderately stable)
*Total percent for this stability class D = Neutral stability with respect to wind direction
“Total percent relative to all stability classes Data from DOE 1993a

Note  Analysis of data performed by computer program based on algonthms presented 1n US EPA 1987 On-site
Meteorological Program Guidance for Regulatory Modeling Application

(4047-910-0025-521 XR 7 T332)32995 3 IS pm)(2) Sheet 2 of 7
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TABLE 3 3 2 (continued)
. ROCKY FLATS
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
STABILITY INDEX C*

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

+ WIND SPEED CLASSES (KNOTS) +

DIRECTION <30 30<60 60<100 100 <160 160 <210 >=210 Class® TOTALS
N 4 25 86 22 00 00 1374 121
NNE 5 29 65 10 00 00 10 82 95
NE 2 31 43 6 00 00 8§22 72
ENE 3 19 22 4 00 00 484 43
E 4 26 21 2 00 00 527 46
ESE 2 25 43 1 00 00 715 63
SE 4 37 64 8 00 00 1134 100
SSE 2 25 67 8 00 00 1030 91
S 1 13 15 2 00 00 332 29

‘SSW 1 5 7 3 00 00 156 14
Sw 2 3 7 2 00 00 146 13
WSwW 1 2 7 9 00 00 198 17
w 1 3 18 16 00 00 380 33
WNW 2 3 22 21 00 00 484 43
NW 1 7 19 12 00 00 419 37
NNW 3 17 39 13 00 00 718 63
TOTAL 43 270 547 140 00 00 100 00 881

*Total number of hourly samples in this stability class 1s  Stability Index ranges from A (extremely unstable) to F

770 (moderately stable)

*Total percent for this stability class D = Neutral stability with respect to wind direction

°Total percent relative to all stability classes Data from DOE 1993a

Note Analysis of data performed by computer program based on algorithms presented in US EPA 1987 On site

Meteorological Program Guidance for Regulatory Modeling Application

(4047 910-0025-521XR7 T332)(3729/95 3 15 pmX2) Sheet 3 of 7



TABLE 3 3 2 (continued)
ROCKY FLATS '
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
STABILITY INDEX D*

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

+ - ~--WIND SPEED CLASSES (KNOTS)-- - -+

DIRECTION <30 30<60 60-<100 100-<160 160210  >=210  Class TOTAL®
N 2 13 29 25 3 00 734 317
NNE 3 14 18 12 1 00 476 205
NE 3 11 12 7 00 00 326 141
ENE 2 9 8 2 00 00 204 88
E 1 7 7 2 00 00 168 73
ESE 1 7 6 2 00 00 154 67
SE 1 10 17 4 00 00 326 141
SSE 2 12 25 10 00 00 492 212
s 2 14 20 9 1 00 454 196
SSW 2 15 19 8 1 00 455 197 .
sW 2 12 19 14 1 00 476 206
WSW 3 11 18 25 7 3 677 293
w 2 17 21 41 22 26 1299 561
WNW 4 21 27 67 37 42 1972 852
NW 3 20 26 30 10 7 963 416
NNW 3 17 36 24 02 1 824 356
TOTAL 35 211 307 282 86 80 10000 4319

*Total number of hourly samples 1n this stability class Stability Index ranges from A (extremely unstable) to F

1s 3774 (moderately stable)
*Total percent for this stability class D = Neutral stability with respect to wind direction
“Total percent relative to all stability classes Data from DOE 1993a

Note Analysis of data performed by computer program based on algonithms presented in US EPA 1987 On-site
Meteorological Program Guidance for Regulatory Modeling Application

(4D47-910-0025-521XR7 T332XV2995 3 15 pmX2) Sheet 4 of 7
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TABLE 3 3 2 (continued)
. ROCKY FLATS
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
STABILITY INDEX E*

FROM JANUARY 1 1993 THROUGH DECEMBER 31, 1993

+ WIND SPEED CLASSES (KNOTS) +

DIRECTION <30 30<60 60<100 100 <160 160 <210 >=21 0 Class® TOTAL®
N 7 24 19 2 00 00 524 111
NNE 9 21 25 3 00 00 583 124
NE 5 15 11 1 00 00 321 68
ENE 5 17 9 1 00 00 321 68
E 2 11 8 1 00 00 209 44
ESE 2 7 4 00 00 00 133 28
SE 1 12 9 00 00 00 229 49
SSE 5 19 26 1 00 00 502 107
S 5 32 47 1 00 00 847 180
‘SW 7 31 38 1 00 00 765 162
Sw 5 35 61 00 00 00 10 05 213
WSW 7 35 66 00 00 00 1077 229
w 8 40 20 00 00 00 679 144
WNW 8 45 29 00 00 00 820 174
NW 8 42 47 1 00 00 969 206
NNW 8 32 59 2 00 00 1016 216
TOTAL 92 417 478 13 00 00 100 00 2122

*Total number of hourly samples 1n this stability class  Stability Index ranges from A (extremely unstable) to F

1s 1854 (moderately stable)
*Total percent for this stability class D = Neutral stability with respect to wind direction
“Total percent relative to all stability classes Data from DOE 1993a

Note Analysis of data performed by computer program based on algorithms presented in US EPA 1987 On site
Meteorological Program Guidance for Regulatory Modeling Application

(4047.910-0025-521 XR7 T332)(372995 3 15 pnX2) Sheet 5 of 7



TABLE 3 3 2 (continned)
ROCKY FLATS .
WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993
STABILITY INDEX F*

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

+ WIND SPEED CLASSES (KNOTS)--ca---+

DIRECTION <30 30<60 60<100 10 0<160 16 0-<21 0 >=210 C!an' TOTAL®
N 29 43 00 00 00 00 716 82
NNE 21 23 00 00 00 00 442 S1
NE 22 19 00 00 00 00 411 47
ENE 17 17 00 00 00 00 349 40
E 17 16 00 00 00 00 3.28 38
ESE 15 17 00 00 00 00 315 36
SE 22 23 00 00 00 00 4.55 52
SSE 21 30 00 00 00 00 507 58
S 25 35 00 00 00 00 606 70
Ssw 25 46 00 00 00 00 710 82 .
Sw 29 46 00 00 00 00 752 86
WSwW 32 58 ‘ 00 00 00 00 905 104
w 34 49 00 00 00 00 828 95
WNW 37 51 00 00 00 00 882 101
Nw 37 53 00 00 00 00 898 103
NNW 35 54 00 00 0.0 00 895 103
TOTAL 419 581 00 00 00 00 10000 1148

*Total number of hourly samples ia this stability class 1s  Stability Index ranges from A (extremely unstable) to F

1003 {moderately stable)
*Total percent for this stability class D = Neutral stability with respect to wind direction
°Total percent relative to all stability classes Data from DOE 1993a

Note Analysis of data performed by computer program based on algorithms presented in US EPA 1987 On-site
Meteorological Program Guidance for Regulatory Modeling Application

®
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‘ WIND FREQUENCY DISTRIBUTION BY PERCENT 1993

FROM JANUARY 1, 1993 THROUGH DECEMBER 31, 1993

TABLE 3 3 2 (concluded)

ROCKY FLATS

STABILITY INDEX ALL

+  WIND SPEED CLASSES (KNOTS) +
DIRECTION <30 30<60 60<100 100<160 160<210 >=210 Class’ TOTAL®
N 9 25 28 13 1 00 767 767
NNE 9 25 22 7 00 00 630 629
NE 7 23 14 4 00 00 482 482
ENE 6 21 9 1 00 00 374 374
E 6 21 9 1 00 00 369 368
ESE 5 22 11 1 00 00 396 396
SE 6 26 20 3 00 00 545 545
SSE 7 22 25 5 00 00 589 589
S 6 22 21 4 00 00 534 534

‘sw 6 20 17 4 00 00 484 484
swW 6 19 22 6 00 00 533 533
WSW 7 20 23 12 3 1 660" 6 60
w 7 23 15 19 10 11 854 854
WNW 9 26 20 31 16 18 1196 1195
NW 9 26 23 14 4 3 791 791
NNW 9 25 33 12 1 1 796 796
TOTAL 113 365 314 137 37 35 100 00 9997

*Total Number of hourly samples 1n all stability

classes 1s 8736

*Total percent for this stability class

“Total percent relative to all stability classes Annual

data recovery = 99 9 percent
Number of Hours of Data 8808

Note Analysis of data performed by computer program based on algorithms presented in US EPA

Stability Index
stable)

D = Neutral stablity with respect to wind direction

Data from DOE 1993a

1987 On site Meteorological Program Guidance for Regulatory Modeling Application

(4047 910-0025 521XR7 T332X3/29/95 3 15 pmX2)

ranges from A (extremely unstabie) to F (moderately

Sheet 7 of 7
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